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FOREWORD 


This  report  was  prepired  by  the  E.  I.  du  Pont  de 
Nemours  &  Company,  Wilmington,  Delaware,  on  Air  Force  Contract 
No.  AP33 (616) -8253  under  Task  No.  73^004,  "New  Organic  and. 
Inorganic  Polymers,"  of  Project  No.  7340,  "Nonmetalllc  and 
Composite  Materials".  The  contract  efforts  were  accomplished 
under  the  cognizance  of  the  Directorate  of  Materials  & 
Processes,  Aeronautical  Systems  Division,  Wrlght-Patterson  Air 
Force  Base,  Ohio,  with  the  technical  work  directed  by 
Dr.  W.  E.  Olbbs,  as  project  engineer. 

Research  started  on  1  June  1981  and  completed 
1  June  1962. 


ABSTRACT 

Dlmethylacetamlde  and  dimethyl sulfoxide  have  been^ 
flucleSsfully  employed  as  dry-spinning  solvents  for  POly-2,2'- 

(m-phenylen.)-5,5'-Mbenzlml(J.*ole.  The  physical  propert lee  of 

both  flbere  appear  to  be  comparable.  Since  dlmethylacetam 
produces  a  lighter  colored  yarn  and  In  general  lends  Itself  to 
easier  solvent  removal.  It  emerges  as  the  more  desirable 
solvent  for  dry-spinning  operations. 


The  fibers  exhibit  remarkably  high  resistance  to 
hydrolysis  and  thermal  ageing  although  under  the  more  realistic 
condition  of  air  ageing  the  thermal  properties  are  not  nearly  as 
Impressive  as  under  nitrogen.  The  N-H  bond  In  polybenzimidazoles 
is  suspect  as  the  weak  link  leading  to  degradation  in  the  hot 
oven.  To  test  this  hypothesis  N-substltuted  polymers  were  pre¬ 
pared  via  the  methylation  of  N-sodlo  polybenzimidazoles. 

Oriented  and  crystalline  polyhydrazlde  fibers  can  be 
converted  by  a  unique  cyclodehydration  reaction  Into  oriented 
and  crystalline  fibers  of  poly(l,3»^-oxadlazoles) .  Conversion 
of  fibers  (T/^/^1  -  5/2V9^)  polyhydrazlde  derived  from 

equimolar  amounts  of  Isophthallc  dlhydrazlde  and  terephthaloyl 
chloride  (OIOT)  gave  fibers  (T/E/Ml  -  2.6/3.1/12^)  of  poly(l,3- 
/l,4.phenylene-2,5-{l,3f^-oxadlazole),  PODZ-lA.  «hlch  have 
excellent  retention  of  their  fiber  structure  even  when  exposed 
to  temperatures  up  to  400*C.  for  prolonged  periods  of 
Such  heat  treatments  afford  a  final  polyoxadlazole  fiber  (T/E/Ml  - 
1.2/1.2/90).  The  chemical  structure  of  model  compounds  containing 
up  to  13  alternating  rings  consisting  of  2,5*'(l*3>4-oxadlazole), 
m-,  and  £-phenylene  moieties  was  found  to  be  stable  up  to  440  - 
500*C.  This  is  in  agreement  with  observed  stabilities  of  the 
corresponding  polymer  towards  thermal  degradation. 


This  technical  documentary  report  has  been  reviewed 
and  is  approved. 

WILLIAM  E.  aiBBS 
Acting  Chief,  Polymer  Branch 
Nonmetal  lie  Materials  Uboratory 
Directorate  of  Materials  and  Processes 
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I.  Introduetlon  and  Ob.leetlve 

The  objectives  of  work  reported  herein  are  the  eynthe- 
sle  characterization  of  various  poly(phenylbonzlfflldazole8) 
polyCphenyloxadiazoles)  and  related  highly  arcoatic  compounds  in 
order  to  prepare  fibers  and  fibrous  products  of  super  thermal 
resistance . 

II.  Polybenzimidazoles  -  James  J.  Kane 
Discussion 

Benzimidazoles 

Benzimidazole  derivatives  are  synthesized  fx^ 
o-phenylenedlamlne  and  carboaiylio  acids  or  their  derivatives  t 


The  benzimidazole  products  are  generally  high  melting 
crystalline  solids  possessing  both  acid  and  basic  characteris¬ 
tics.  They  exhibit  unusual  chemical  resistance  to  acidic, 
basic,  and  oxidizing  reagents.  The  tautorsrlc  nature  of  the 
benzimidazole  system  unsubstituted  in  the  l-poeltion  is  a  woll 
known  phenomenon  rendering  both  nitrogens  in  the  heterocyclic 
system  equivalent.  Similarly,  hydrogen  bonding  in  benzimid¬ 
azoles  unsubstituted  in  the  1-posit ion  has  been  demonstrated 
and  appears  to  be  due  to  association  via  hydrogen  bonds  bet^reen 
the  Imlno  grouping  and  the  tertiary  nitrogen  in  the  amldlne- 
like  structure.  The  chemical  Inertness  of  benzimidazoles  is 
explicable  in  terms  of  the  aromtic  nature  of  the  system  which 
derives  delocalization  energy  frem  overlapping  of  the  sextet 
of  T  electrons  available  to  both  the  benzene  and  hateroeyelic 
rings  as  described  by  the  classical  structures s 
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nia  hl^  malting  otiar&otarlatioa  dlaplaspad  bjr  tha 
banslnldasolas  ar«  aapeelally  pronounced  in  derivatives  unsut- 
atituted  In  the  X-position,  a  prerequisite  necessary  for 
assoc latlon  via  hydrogen  bonding* 

Poiybenzlmldazoles 

Application  of  the  general  synthetic  route  to  besuslmld- 
asoles  to  Include  bifunotlonal  materials  was  first  accomplished 
by  Brlnker  and  Robinson  (l)  through  their  discovery  that  bls-o- 
diamines  and  alls^tic  dlolc  acids  or  their  derivatives  reaot*l;o 
fom  linear  condensation  polymers  designated  as  polybenisimld- 
asoles.  A  modification  of  this  procedure  resulting  In  the 
preparaticm  of  polybensimidassoles  cont-elniog  recurring  aramtic 
units  was  developed  by  Harvel  and  fogsl  {2}  through  tbs  i^Xt 
polymerisation  of  biS'-OHliaiirdnes  and  dlphsuyl  esters  of  aroBAtic 
dlcarboxylle  acids s 


Pol7-2,2  '-(m-pbanylene  )■$»  5  *  “bibenzlnldaisole 

The  polymera  prepared  by  Harvel  and  Vogel  were  based  on 
the  tetraamlneEv  B^S'^dlamlnobenzidlne  and  l«3,4,6*tetraalnobenzene 
and  the  dlolo  acid  moieties  employed  were  phthallo,  Isophthallo, 
terephthallc,  2,2 ‘-biphenyl,  and  3#5-pyrldyl.  In  general,  the 
condensation  polymers  have  been  high  melting,  or  Infusible 
materials  esdilbltlng,  as  anticipated,  high  thermal  and  chemical 
resistivities . 

Poly-2, 2 ’-{n-phenylene)-5, 5 '-bibenzimidazole,  based  on 
3,3'”diamlnol©nzidine  and  dlphenylloophthalate  was  chosen  as  the 
most  attractive  polymer  for  large  scale  preparation  and  spinning 
operations  because  of  the  conaerclal  availability  of  the  tetra- 
amine  salt  3j>3'"“dli3ffllfiiobeBSidlne  tetral^iydrochloride . 

Details  of  purification  of  starting  materials  and  poly¬ 
merization  techniques  are  described,  in  the  Expariinental  Section* 
The  l^pee  base,  3,3'“dlam±nob0rAsidin^  Is  liberated  from  the  hydro¬ 
chloric  salt  with  a  4^  sodium  Isydroxide  solution.  Purification 
is  accomplished  by  repeated  reerystallizatlons  from  mothsaol. 
Polymerization  of  3,3‘«-d.1xm3toobena'ldln©  and  dlphsnyllsophthalate 
is  Rccomplijshed  by  heating  a  nlrtur©  of  the  teo  reactants  In  the 
malt  at  260-290*  to  affect  the  polyeondensatlon  which  is  accom¬ 
panied  by  pltenol  and  water  evolution. 
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The  reaction  neehanlsm  appears  to  he  Btral^tforward 
and  is  outlined  below. 


Since  both  iiater  and  phenol  appear  to  he  evolved  at  the 
eaKoe  rate  It  is  prohabljr  safe  to  f^sunse  that  rlns  fonnatlon 
occurs  ae  the  pol^nsaar  chain  grows  rather  than  by  the  alternative 


Bie  poljfiasrizatlon  reaction  le  carried  out  toy  Imserslag 
a  flaelc  containing  the  aolld  reactants  under  a  nitrogen  ateosphere 
In  a  260*  toatb*  After  oeltlng^  reaction  cossfiences  at  atoout  260* 
as  evidenced  toy  rapid  evolution  of  phenol  end  water.  The  reaction 
Boon  sets  up  as  a  glassy  solid  of  inherent  viscosity  of  0.3- 
0.^  (mSO)  which  must  toe  removed  from  the  flask,  ground,  and  re¬ 
heated  at  temperatures  ranging  fa?om  260-400®  over  a  9-12  hour 
period  under  0.05  ma  Hg  pressure.  During  this  treatmant,  the 
remainder  of  the  phenol  is  removed.  The  polymer  ototalnod,  a 
bright  yellow  solid,  has  an  Inherent  viscosity  of  0.8  (msO). 

The  polytoenzlmldazole  does  not  mslt  up  to  500®C.  and  Is  soluble 
In  EMSO,  formic  acid,  sxilfurlo  acid,  H-iaethylpyrrolldone,  EElAc, 
and  EIP.  Insoluble  portions,  apparently  crossllnlied  polymer 
account  for  about  lOjS  of  the  ifoight  of  final  product.  After 
repreoipltation  from  E^SO,  me,  or  KIP  with  water,  the  polymer 
Is  obtained  as  a  tan  poi7der.  infrared  spectra  of  films  cast 
from  mo  are  typical  of  benzimidazoles. 

Polvbenzlmidazole  Fibers 

Poly-2,2 '-(m-phenylene ) -5*5’ -tolbenzlmldazole  has  been 
dry  spun  ft?om  KISO  and  from  CSlAc .  Details  of  the  spinning 
conditions  will  be  found  in  the  Experimental  Section.  After 
spinning,  the  yam  was  extracted  with  water  for  two  days  and 
drawn  1.7X  In  5  lbs,  etesa  pressure.  The  yam  was  then  redrawn 
over  a  hot  pin  at  the  following  temperatures  and  draw  ratios: 

400",  l.lXj  350®,  1.6X;  350®,  1.32;  350®,  I.IX;  300®,  1.22. 

The  redrawn  fiber  was  highly  oriented  but  amorphous.  Treatment 
of  ths  fiber  with  a  solvent  mixture  of  formic  acld:mter  (50:50 
by  volixEs)  -joducod  a  slight  degree  of  cryatalimity  but 
destroyed  orientation.  In  Table  X  ere  ocnnllod  the  physical 
testing  data  for  all  the  samples  ©f  poly-2,2 •-{n-pbanylene)-5*5 
blbanalffildaaole »  The  yam  has  over-all  rather  inpreeslve  tensile 
properties,  bolng  qb  good  so  or  better  than  PODZ-l/l  ^ 

2.6/3.1/124)  (see  Table  IX). 

Por  comparison,  data  dcaoribing  the  tensile  properties 
for  poly-2, 2-^ -Cm»phenyX©n0)-5*5*-toltoon2laltoolo  dry-spun  trm 
msO,  drswxi  1.8X  in  12  lbs.  steam  pressure  end  1.22  over  a  3^0 
hot  pto  at®  also  tatalatsd  In  Table  I,  In  ©ensral,  the  two  yams 
are  oOTprahl®  end  the  data  strongly  suggest  that  th©  dL^feroaoe 
in  spinning  solvents  (KISO  and  ElAo}  has  no  ©ffoot  cm  the  tensile 
properties  of  the  fibers «  Dlji-ethylacetanlde,  then,  ©-.erges  as 
tii©  ffiore  desli’abl®  of  tho  tro  solvents  since  It  does  not  jtavolv® 
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as  botharsoias  solvent  z^enkival  jprbbleos  as  EBISO*  Tn  addition* 
the  yarn  obtained  by  spinning  from  I^o  Is  liefhter  In  oolor 
(strair-yellotf)  than  that  obtained  from  EHSO  (dark  broim}. 

ThotHnyi  Stability  and  hydrolytic  tests  have  been  eon- 
dnoted  OR  the  fibers  spun  from  CMSO  and  are  tabulated  In  Tables 
II  and  III*  These  tests  have  not  been  repeated  on  fibers 
obtained  from  DTSAo  but  the  limits  of  air  ageing  temperatures 
seem  to  be  the  same  for  both  fibers  since  samples  of  the  latter 
material  had  virtually  no  strength  after  24  hours  in  a  400* 
oven  after  15  min.  In  a  500*  oven.  BJjTdrolytlc  stability  of 
poly-2,2  *-(m-phenylene)-5, 5 '-blbenzlmldazole  Is  unusually  good 
as  shown  by  the  data  In  Table  III. 

PllmB  cast  from  IMAc  are  tough  and  self-supporting  and 
when  subjected  to  a  400*  oven  for  a  half  day  they  are  still 
tough  but  take  on  a  purple-brown  color  end  cannot  be  redlssolved. 
This  behavior  strongly  suggests  crossllnklng. 

This  same  purple-brown  coloration  is  observed  in  the 
fibers  as  they  are  drawn  over  the  hot  pin  at  350-400®.  The 
color  disappears  where  the  fiber  is  removed  from  the  heat 
source  suggesting  a  reversible  thermal  excitation.  Samples  of 
bulk  polymer  were  sutoltted  for  Electron  Spin  Resonance  studies 
to  detect  the  presence  of  unpaired  electrons  and  determine 
whether  or  not  the  process  Is  reversible.  The  results  obtained 
are  qualitative  but  reveal  an  absorption  band  for  unpaired 
electrons  which  Is  Increased  In  intensity  by  light.  The  process 
appears  not  to  bo  reversible,  however. 

Tha  ability  of  this  polymer  to  withstand  exposure  to 
high  temperatures  in  the  presence  of  air  has  boon  disappointing 
as  Indicated  by  the  data  in  Table  II,  and  this  behavior  has 
been  thoorljsod  as  duo  to  the  susceptibility  of  the  N-H  bond  to 
tjndorgo  bond  breaking  at  high  temperatures  and  subsequent 
oxidation  In  the  proeenee  of  air.  Even  In  inert  atmosphere 
(nitrogen )  poly~2, 2  ’  -{m-pbenyien© )-5, 5  ’ “blbensslinldasole  sub¬ 
jected  to  temperatures  up  to  500®C .  ©ppcisrs  to  crosslink  sine® 
the  resulting  material,  wliSl©  not  crystalline.  Is  no  longer 
soluble  to  the  usual  solvents,  mso,  CT?,  me,  snd  formic  acid. 

Substituted  Polfbenxteldazoleg, 

Thus,  a  long  standing  desire  has  bees  to  obtain  poly- 
bcsysimldaiioles  substituted,  preferably  by  en  aromatic  substlturau 
to  thfi  1-poiition  of  the  haterocyellc  rtog«  One  approach  to  this 
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TABL8  I 

1)  P0iar-2,2*-(BHPHEKYiaHB)«5,5*-BIBEriZIIIIDAZ0XE  SPON  FROM  HUVo 
PIBER  PROPERTTBS 
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31  18 

Loop 

0.64 

1.8 

- 

Khot 

o.er 

2.2 

30.3 

Hot-Vet 

1.94 

18.1 

47.0 

D. 

Drawn  l.€5  times  at  5#?  steam 

and  redrawn  X.l  times  at 

TR  % 

VR  % 

T 

E 

iJLiU— wMWWHTI 

Mi  ^  M 

10 

«inum» 

Straight 

2.99 

17.8 

92.T  77  54  30 

50  27 

12 

Loop 

1.36 

3.2 

wm 

Ehot 

1.97 

8o4 

5.1 

Hot -Wet 

1.52 

41.4 

40.0 
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TABUS  1  (CCMT«D. ) 


B.  Brawn  1,65  tlaaa  at  3#  steam 
and  redrawn  1,2  tines  at  300*C 


TR  *  tm  < 


T 

B 

m 

Ji 

-1  2S. 

± 

i  10 

Straight 

3. *3 

10.0 

119.7 

81 

57  - 

52 

28  - 

Loop 

0.40 

1.6 

m 

Xhot 

0.81 

5.3 

20.6 

Bot-Wet 

1.70 

31.2 

40.3 

2)  P0I7-2«2*-(n-PBEim:£NB)-5,5'-BIBSIZIimiAZ0£B  SFDB  FROM  mSO 
FIBER  PROPERTIES _ _ _ 


A.  Drawn  1.8  times  at  12#  steam 
and  redrawn  1.2  times  at  360*0 


TR  %  WR  ^ 


T 

B 

m 

JL 

-5.  10 

J. 

i  10 

Straight 

4.16 

6.9 

121 

88 

68  - 

62 

36  - 

Loop 

1.60 

1.5 

104 

Shot 

2.80 

4.0 

67 

BOt-Wet 

2.40 

23.4 

74 

a)  -  T  "•  Tenacity  (gr ./denier) 

b)  -  B  »  Blongation  (^}  at  Break 

c)  -  III  •  Initial  Modulus  (gr ./denier) 

d)  -  TR  -  Tensile  Recovery  {^),  at  3,  5,  loj^  Elongation 

e)  -  WH  ■  Work  Recovery  {%},  at  3,  5,  lOjJ  Elongation 


rUSLB  II 


1)  mSBKAL  STAHnilT  OP  POEr-2,2*-(mrPHEHYlBHB)-5»5*- 
HTBBMggcmAzoia  fibers  _ 


T  (in  air)  Time  (hourgl 


Roan  Temp. 

- 

4.5/13A9 

300 

24 

4.1/13A9 

ti 

48 

3.6/9/66 

ti 

72 

3.6/9/66 

n 

144 

2.8/6/22 

n 

240 

2.5/6/22 

350 

18 

3.0/4/66 

n 

24 

2.4/3/40 

400 

1 

3.8A5/80 

n 

2.5 

2.3AO/60 

n 

6 

1.0/6/60 

» 

18 

TlfTTC 

450 

1 

2.5/2.5/27 

n 

3 

Dlsintesrated 

500 

0.25 

Tim^ 

n 

1 

Disappeared 

UHTRAVIOIEr  STABimr  OF  POLY-2,2* 
HTBEMZBnDAZOLE  FIBERS  _ 

.(m-PHSmMB)-5,5'- 

Eirooauro  Tline^  (hours)  . 

T/BAli 

0 

4.5A3/97 

24 

4.3/13/97 

48 

4.3/9/^ 

78 

4,1/6/85 

96 

4.2/10/80 

220 

4.1/10/83 

-  See  footftotes  ia  T8,toXe  !«. 

-  On®  how  to  leaotestex*  la  the  equifsleat  of  3  ho\M*8  of 
Florida  sunlight, 

c)  -  Too  weak  to  test. 
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TABLB  m 

HXDROlSnC  STABILTFIBS  OF  POi;r-2«2«-(m-FEBMYIJBiNB}-3«5' 
_ _ BIsmiWlPAZOIE  FIBERS _ 


Htedlum 

Tine  (hours) 

T/t/m* 

None 

4.5/13/97 

NaOH 

1 

3.9/22^4 

95-100* 

fi 

3 

3.8/86/51 

It 

6 

4.2/89/70 

n 

24 

3.9/38/55 

20^  NaOH 

1 

4.4/83A5 

95-100* 

n 

3 

4.0/23AO 

n 

6 

3.8/25/65 

n 

24 

3.8/25/68 

4Q^  NaOH 

1 

4.1/49/56 

95-100* 

n 

3 

3.0/56/50 

n 

6 

2.8/50/39 

n 

24 

3.0/54/33 

B^04 

1 

3.6/36/SO 

95-100* 

R 

3 

3.2/35/48 

It 

6 

3.6/42/44 

n 

24 

3.4/38/52 

^09^  EbSOi} 

1 

3.4/42/44 

95-100* 

« 

3 

3.5/37/45 

n 

6 

3.3/49/39 

If 

24 

3.6/37/52 

405^  ReSOii 

1 

3.4/36/46 

95-100* 

» 

3 

3.6/45/53 

fi 

6 

3.4/50/44 

IV 

24 

3.1/52/43 

■»  S««  fOKStmotes  to  l^bl® 
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type  polymer  Is  tbroush  the  use  of  appropriately  substituted 
tetraamlnes.  Marvel  and  Vogel  (2)  have  reported  the  synthesis 
of  the  polymer  based  on  l,3'-dlamlno-4,6-dlanlllnobensene  and 
iBophthallo  aold  and  concluded  that  Its  ability  to  withstand 
thermal  degradation  Is  no  better  than  the  unaubstltuted  analog, 
The  preparation  of  this  polymer  has  been  repeated  in  this 
laboratory^  but  only  small  quantities  of  low  molecular  weight 
polymer  have  been  obtained. 

An  alternative  approach  to  polybenzlmldazoles  sub¬ 
stituted  in  the  l-posltlon  is  by  direct  substitution  at  this 
position  on  preformed  polymer.  Such  a  reaction  talces  advantage 
of  the  acidic  nature  of  the  hydrogen  on  the  heterocyclic  ring 
and  is  a  well  knotm  general  reaction  of  benzimidazoles.  Thus* 
poly-2,2 '-(m-phenylen0)-5j 5 '-blbexizliiildazole  was  converted  to 
the  N-methylated  polyzcer  by  treatment  of  Its  sodium  salt  In  JDMAo 
with  methyl  Iodide: 


Infrared  analysis  of  the  methylated  polynor  Indicated 
a  decrease  in  Il-H  absorptlm  Intensity  as  well  as  a  shift  of  this 
abe©i*pfciori  band  to  a  lower  mve  nosber.  It  is  interest  ins  to 
speculate  that  such  a  shift  b®  attributed  to  the  decrease 

in  hydrogen  bonding  which  would  be  saticipated  In  the  polybenz- 
toldozole  if  most  of  the  1-posltions  ia  the  polyaer  chain  ucra 
imethylated.  This  is  analogous  to  the  differences  observed  in  the 
fjpeetra  of  concentrated  and  diliite  solutions  of  coEpouede  capable 
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of  Intemolooular  hydrogen  bonding.  The  appeeranoe  of  allphatlo 
C-E  absorption  bands  In  the  Infrared  spectra  also  Indicates  that 
the  desired  nethylation  has  been  effected,  the  methylated  poly- 
benslnldazole  is  soluble  In  foxnic  acid  and  has  been  oast.  Into 
tough  films  from  that  solvent.  However,  unlUce  the  starting 
material*  it  Is  insoluble  In  DKSO*  IPIF,  and  lI9Ao.  Such  a  dif¬ 
ference  might  be  expected  between  the  aaphoterlo  starting 
material  and  the  basic  product .  X-ray  analysis  indicates  that 
the  methylated  material  is  amorphous.  The  new  polymer  does  not 
melt,  but  It  does  soften  at  approximately  400^C.  A  quantitative 
determination  of  the  extent  of  alkylation  Is  not  yet  possible  as 
no  reproducible  chemical  analysis  of  the  polymer  has  been  accon- 
pllshed.  However*  the  presence  of  the  N-H  absorption  In  the 
Infrared  spectra  is  aziple  Indication  that  alkylation  Is  Incom¬ 
plete  . 

The  sodium  salt  of  poly-2,2 ’-(m-ph0nylene)-5,5 
blbenslmldazole  has  been  treated  in  DMAc  with  lodobenzene  with 
the  hope  of  preparing  the  N-phenylated  polymer.  The  Infrared 
spectra  of  the  product  is  identical  to  that  of  the  starting 
material  Indicating  that  phenylatlon.  If  It  occurred  at  all. 

Is  negligible.  It  may  be  necessary  to  resort  to  higher  tempera¬ 
tures  and  sealed  tubes  to  effect  this  reaction.  However,  even 
If  N-arylated  polybenzlmldazoles  may  not  bo  available  by  this 
method,  it  does  appear  to  be  a  convenient  moans  for  the  prepara¬ 
tion  of  N-alkylated  polymers,  and  possibly  a  method  which  will 
prove  useful  for  the  modification  of  polybenalmldazoles . 

Polybenzlmldasoles  Containing  "inaulatlnj:;  Chroups" 

Another  goal  sought  was  the  preparation  of  polybens- 
Imldazoles  containing  "Insulating  groups"  within  the  polymer 
chain  In  order  to  relieve  chain  stiffness  and  produce  a  mere 
tractable  polymer.  The  preparation  of  3»^#3S^'"t0trsaiainO“ 
dlphenylsulfon©  and  3)i'*^,3*a’^’-tetrsamlnodiphenylether  was  under- 
tftlo&n  In  order  to  provide  tetraamlnos  for  possible  syntheseo  of 
new  polybenslmldazolGB  with  -0-  and  -SO2"  "Insulating  groups" 
betTweea  tit®  MXBsatlc  rings  with  the  hope  of  imparting  flexibility 
within  the  polymer  chain. 

The  tetraamlnodlphsnylsulfon®  has  been  prepared  by 
conversion  of  3»3*“dlnitrO“4,4'HSicMorodlphsnylsulfme  to  the 
corresponding  4,4»»dii£mtao-  derivative  with  aleobolic  ssacsnia 
and  subsequent  r©.duotlon  to  the  t©traam,ln®  with  alcetolie  Bod,ii» 
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Bulfido,  Atteoptfl  to  putpare  the  polybensloldasola  based  on 
this  ''iM»traanilne  and  Isophthalle  sold  bj  the  iisual  aethods  were 
unsuoeesaful.  When  tetraamlnodlphenylsulfona  la  heated  with 
dlphenTllBosdithalate  or  dlblpbenyllsopbthalate  under  tte  usual 
oondltlons  for  polybenzlnldasole  formation,  the  reaotlm  coa- 
nenees  with  evolution  of  water  and  phenol  or  ^-phanylphenol  at 
290*  to  produce  only  low  yields  of  low  molecular  weight  polymer. 
This  result  apparently  is  due  to  the  Irsalsclblllty  of  the  two 
reactants  in  the  salt  evra  at  teE^ratures  up  to  300*.  Thus, 
polymerisation  occurs  only  at  the  Interface  of  the  two  layers, 
m  order  to  promote  polymerisation,  several  reactions  have  been 
attempted  In  solvents.  Those  tested  were  ”Aroclor"<>  end  £- 
ph^oylphenol .  No  polynarlsatlons  have  been  successful  In  these 
solvents  even  at  temperatures  up  to  250®, 

An  alternative  method  for  propaztitlon  of  this  poly- 
benslaldasole  Involves  synthesis  first  of  the  polyamlno-amlde 
followed  by  cyclic  dehydration  to  form  the  polybenzimidazole  t 


-HCl. 
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An  nttaqpt  to  prepare  the  polyamlno-aialde  was  made  by 
reaotion  of  tetraamlnodipbenylsulfone  with  leophthalc^l  chloride 
in  hezametbylphosphoraalde.  Xho  product,  a  white  solid  which 
does  not  melt  up  to  400*’  appears  to  be  highly  crossllnked  and 
eidilblts  typical  amide  absorption  In  the  Infrared  region. 

TetraaminodliEdienylether  was  obtained  by  nitration  of 
4,4*-<llaeetylanlnodiphenylether  followed  by  hydrolysis  and 
reduction  to  the  desired  tetraamine.  Nitration  of  the  dlacetyl- 
aminodlphenylether  by  the  Imorni  method  (3)  with  70^  nitric  acid 
In  glacial  acetic  acid  could  not  be  repeated*  However,  the 
method  of  Narvel  (private  communication)  using  acetyl  nitrate 
was  successful.  Hydrolysis  and  catalytic  hydrogenation 
afforded  the  desired  tetraamine. 

The  polybenzlmldazole  based  on  3,4,3'>4’-tetraamlnodl- 
phenylether  and  Isophthallc  acid  has  not  yet  been  successfully 
prepared.  The  tetraamine,  prepared  only  In  small  amounts.  Is 
extremely  sensitive  and  has  never  yet  been  maintained  as  a  color¬ 
less  material  for  more  than  a  few  minutes.  The  product  obtained 
by  heating  this  tetraamine  with  dipl^nyllsophthalate  appeared  to 
be  decomposition  products. 

The  polybenzlmldazole  based  on  3,3'-dlamlnobenzldlne 
and  dlphenylBulfone-4,4’-*dicarboxyllc  acid  has  been  prepared  by 
the  melt  condensation  of  the  tetraamine  and  the  dlphenylester 
of  the  dibasic  acid.  The  polymer,  which  does  not  melt  up  to 
400*,  has  been  prepared  In  small  quantities  and  cast  Into  small 
films  from  formic  acid,  but  otherwise  Is  not  yet  characterized. 

Experimental 

Purification  of  3^3’-Dlam3.nobenzldlne 

3, 3  ’  “Diamlnobenzldine  tetrahydrochlorld®  (Burdick 
Jackson  Iiaba,  Nuskegon,  HicMgan)  is  dissolved  In  deoxygenated 
water  and  poured  into  a  4^  solution  of  aqueous  sodium  hydroxide 
to  liberate  free  base.  Crude  diaalnobeazldlne  is  fJltered  under 
nitrogen,  washed  with  cold  water  and  finally  washed  with  ©old 
jMttonol  to  remove  most  of  the  color  frOT  the  solid,  Tte  crude 
dlamlnotjanzldlae  is  immediately  dissolved  1»  boiling  methanol 
(approx,  10  gr.  per  1.5  liter  methanol).  The  methanolic  solu¬ 
tion  is  treated  with  decolorizing,  charcoal  which  has  been  washed 
with  hot  metlmnol  mid  dried  i?i  a  nitrogen  atraoephere .  After 
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filtering  under  nitrogen  to  remove  ebarcoal,  the  solution  Is 
lianedlntely  cooled  to  -10*C,  In  a  flask  pau^ged  with  nitrogen, 
stoppered  tightly  and  placed  In  the  freezer.  After  three 
crystallizations  the  3»3'-dlamlnohenzldlne,  m.p,  179-180®,  Is 
suitable  for  polymerization.  The  dlaalnobenzldlne,  once  puri¬ 
fied  by  the  above  procedure  has  been  stored  in  the  vacuum  oven 
with  nitrogen  bleed-ln  for  several  weeks  without  any  noticeable 
decomposition. 

Dry  Spinning  of  Poly-2,2«-(n-phenylene)-5.5»-blbenzlnldazole 

Poly-2,2 •-(m-phenylene)-5, 5 '-bibenzlmldazole  was  pre¬ 
pared  according  to  the  msthod  of  Harvel  and  Vogel  (2)  and  re- 
preclpltated  frcm  MAc.  The  bulk  polymer,  a  yellow  powder  of 
Inherent  viscosity  0.62  (0.5}S  In  DTISO)  was  dissolved  In  ©lAc  to 
make  a  solution  containing  27. 55^  solids  by  weight.  Yam  was 
spun  from  this  viscous  solution  through  a  spinning  colusm  at 
approximately  200®C.  After  drawing  1,6  times  in  3  to  5  ibe. 
steam,  sas^les  of  the  yam  wore  redram  at  ratios  varying  from 
1.1  to  1.6  times  over  a  hot  pin  varying  in  tecgieraturo  from  300 
to  400® C.  as  indicated  In  Table  I.  Dry  spinning  data  Is  tabu¬ 
lated  below. 


DRY  SPIKNINq  DATA 

Spun  on  Column  A 
Adaptor  2CV/  Steam  ^  126®c, 

Heat  Temperatxire  94®C . 

Pressure  145  psl 
Solution  Delivery  1.75  ml*/niln. 
Spinneret  Holes  5 
Size  ,005 

Temperature  123® -125* ”120®  C . 
Temperature  of  Incoming  N2  206-215®C. 
Temperature  of  Colunm  Top 

Bottom  206° c. 

Hate  Hg  Flow  5  cu,  ft, /rain. 

¥lnd-up  Speed  II5  yd ./min. 


fmmrBXion  of  PoIy-2, 2  -5. 5^ -bibenzimidazole 

TSao  polymerization  of  3,3*-diam.iiiobenzidto®  and  di- 
pbenylisophtbalate  was  carried  out  accoi*diag  to  the  directions 
of  C.  S,  larvel  and  H.  Vogel  (1),  ThB  polyaer  wsb  obtained  ia 
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93^  yields  and  after  repreelpltatlcn  from  dlmethylsulfoxlde, 
polymer  with  an  inherent  viacoslty  of  1.78  (0.3$^  In  formic  acid) 
waa  obtained.  Films  east  from  CMP  and  dlmethylaoetamide  were 
amorxAiouB. 

Preparation  of  1.3-Dianilino-4.6-dlnitrobenzene 

1.3- Dlnitro-4,6-dlchloroben2ene  (50  gr.,  o.2l  mole) 
was  diasolved  In  100  ml.  of  aniline  and  heated  to  a  gentle 
reflux  for  four  hours.  The  reaction  mixture  was  then  oooled, 
diluted  with  400  ml.  of  water  and  filtered.  The  black  filtrate 
was  taken  up  in  acetonei  reprecipitated  with  water«  filtered, 
and  washed  with  cold  ethanol.  The  remaining  orange  solid  waa 
dissolved  in  benzene  and  repreolpitated  with  ethanol  to  yield 
47  gr.  (6Q5^  srleld)  of  orange-red  l,3-dlanlllno-4,6-dlnltro- 
benzene,  m.p.  185-I66”. 

Preparation  of  l,3-Diamlno-4.6-dianilinobenzene 

1.3- Dlanillno-4,6-dlnltrobenzene  (7.0  gr.,  0.02  mole) 
was  suspended  In  200  ml.  of  absolute  ethanol  saturated  with  dry 
RCl.  To  this  was  added  0.9  g.  of  10$1  palladized  oharcoal.  The 
reaction  mixture  was  subjected  to  an  initial  hydrogen  pressure 
of  40  psl.  After  30  minutes  the  calculated  amount  of  hydrogen 
was  consumed  and  the  reaction  mixture  was  filtered  to  remove  the 
catalyst.  The  filtrate  was  poured  into  200  ml.  of  4^  sodium 
hydroxide  solution.  The  free  amine  precipitated  and  waa  Immedi¬ 
ately  filtered  off  under  nitrogen  and  recrystallized  from  benzene 
to  yield  2.9  g.  (SOjS  yield)  of  l,3-dlamlno-4,6-dlanilinob«»zene, 
white  needles,  melting  at  250-206®  after  recrystalllzatlon  from 
methylene  chloride. 

Anal.  Calod.  for  C,  74. 5j  H,  6,25 j  H,  19.3. 

Pound*  C,“7!T5j  H,  6.3O1  U,  19.3. 

Preparation  of  Poly-3.5-dlpLenyl“2,2*-diliBidazobenzene 

1.3- Di8mltio--4,6«dlanlllnoben2;en®  (1.45  S.«  O.OO5  mole) 
and  diphenylisophthalate  (1.59  O.OO5  mole)  were  placed  In  a 
30  ml ,  f  lask»  pui'ged  with  nitrogen  and  heated  to  250®  under 

After  30  minutes,  vacuum  was  applied  (O.l  112a.  |  and  the 
mixture  i»at©d  to  300®  for  on©  hour.  After  cooling,  tte  reaction 
mixture  (a  solid  plug)  vm  removed,  finely  gi'ound,  returned  to 
the  react ioa  flask  and  heated  at  350®  for  eight  hours.  The 
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poljB9r  was  then  ooolad  and  ground  to  a  graen  brown  powdar»  m.p. 
300-310*  (hot  bar).  This  naterial  was  Insoluble  In  IXilSO  and  DHF. 
Films  east  from  fomlo  aold  were  extremely  brittle. 

Preparation  of  3.3*-Dinitro-4.4»-diaminediphearl8ulfone 

3f3'-2>inltro-4,4'-diohlorodiph0nyl8ulfooe  (75  g.#  0.2 
mole). and  200  ml.  of  absolute  alcohol  were  placed  in  a  bomb  and 
char^  with  ammonia  (23  g.}»  After  sealing  the  booib«  it  was 
heated  at  150*  for  8  hours.  After  cooling,  the  reaction  mixture 
was  poured  into  200  ml.  water,  filtered  and  washed  to  yield  63  g. 
(94jS)  of  3,3*-dlnltro-4,4»-dianinodlphenyl8ulfone,  m.p.  290* , 
After  recrystallizatlon  from  ethanol  it  melted  at  305* . 

Preparation  of  3.4.3*.4'-Tetraaminodiphenylsulfone 

3,3*-l>initro-4,4*-dianinodlphenylsulfone  (36.1  g«, 

0.11  iDOle),  was  added  to  a  solution  containing  sodium  sulfide 
nonahydrate  (307  g.,  0.66  mole)  in  623  sd.  of  ethanol  and  60  ml. 
of  water.  After  refluxing  for  I6  hrs.  with  stirring,  most  of 
the  ethanol  was  distilled  off.  Water  (200  ml.)  was  added  to  the 
residue  and  the  mass  was  filtered  and  washed  with  cold  water 
until  neutral  to  yield  27  g.  (91J5  yield)  of  3#4,3»,4»-tetraamlno- 
dlphenylsulfone  m.p.  170-175*.  After  recrystallisatlon  from 
oxygen-free  water,  it  melted  at  I80-181* . 

Anal.  Calcd.  for  Ci2Hi4M4S02:  C,  51.791  »»  20.13. 
Found!  C,  31.8;  N,  20.0. 

Preparatxon  of  Diblphenylylisophthalate 

£-Fhenylph@nol  (1X4  g.,  0.36  mole)  and  Isophthalyl 
chloride  (I9I  g.,  0.12  mole)  were  heated  as  a  melt  with  stirring 
for  3  hrs.  at  260*.  After  recrystallizatlon  from  toluene  the 
crude  product  amounted  to  230  g.  (94^  yield).  After  two  addi¬ 
tional  cx^talllzations  from  toluene,  the  ^‘‘Phenylphenol  melted 
at  230-232®. 

Reaction  of  3,4,3»,4*»TetraamlBodiphBnylaiaf©ri®  with  Diphenyl- 
Isoj^thalat® 

rrfnrmrnMif<miT)iirtTiprM-r~MiiTrTiTiTiTTr.riiiii,iiMiiir  tnrTrTimTrrnrr»ifr¥TTiTi.wTrTTm<nnn™inir.ifrnniiirT.Tir^HiT-rrriTWT»>minrnTTBiiw-rn'rii'cmiiriiry7i.T..B»n.iiiiMi~i>rTii-iTwwiii  nf.iwi[fmTrrai.-itiiTin«iin-iwnn'rB'~n«n  iimiimwnrrrriTiiw 

In  a  smll  distillation  apparatus  a  mlxtux’®  of  tetra- 
amiaodlplwtnylmAlfom  (2,783  g.,  0,01  mole)  and  diphenyl Isoph- 
thalate  C3.I83  g.,  0.01  mole)  was  heated  one  hour  under  nitrogen 
at  t(Mp©ratures  fre®  2T0®  to  310*C.  The  black,  glassy  Mteri&l 
wm  pm&emd  and  hearted  for  an  additional  hour  at  temporaturoi 
froii  290®  to  325*0.  'a®  remilttng  black  product  iras  Intraetabl®, 
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Reaction  ef  3»4,3*,4*-T8traaiDlnodltfhcnylBulfono  with  Oltlphenylyl- 
iBophthalate 

Tetraandnodlphenylsulfono  (2*783  g.^  0.01  mole)  end 
dlbliAenylyllBophthalate  (4,705  g.#  0,01  mole)  was  treated  ezaetlj 
as  above*  The  resulting  poroduet  appeared  to  be  tlie  same  material 
as  obtained  In  the  above  reaction. 

Polymerisation  of  3#4,3»,4»-Tetraanlnodlphenyl8ulfone  and  Dlphenyl- 
Isophthalate  in  Solution _ _ 

1.  "Aroclor"»lgq4 

Dlphenyllsophthalate  (3,18  g.,  0.01  mole)  and  tetraamlno- 
diphenyisulfone  (2.78  g.,  0.01  mole)  were  dissolved  In  50  g.  of 
"Aroclor*’-1254  and  heated  to  26O®  under  nitrogen  for  four  hours. 

The  solution  darkened  and  after  cooling  was  diluted  with  100  ml. 
of  benzene  and  filtered.  The  brown  solid  obtained  proved  to  be 
3»4,3',4*-tetraanlnodlphsnylsulfone  starting  material.  No 
polymeric  materials  were  Isolated. 

2.  p~Pheavlphenol 

The  reaction  described  above  was  repeated  except  that 
25  g.  of  £-phenylphenol  were  used  In  place  of  "Aroclor".  Heat¬ 
ing  was  maintained  at  250®  for  4  hours  under  nitrogen.  The 
deposit  of  water  droplets  on  the  condenser  walls  indicated  that 
some  reaction  was  taking  place  but,  after  cooling,  the  entire 
reaction  mixture  dissolved  in  methanol  and  no  polymeric  materials 
were  Isolated. 

Reaction  of  3»4,3',4»-Tetraamlnodlphenylsiafone  and  Isophthaloyl 
Chloride  in  Hexamethylphosphoramlde 

Tetraamlnodlphenylsulfone  (2.783  g.,  0.01  mole)  and 
isophthaloyl  chloride  (2.030  g.,  0.01  mole)  was  dissolved  In  HMPA 
(35  ml.)  with  rapid  stirring.  After  15-30  minutes  the  solution 
viscosity  Increased  and  gel  formation  ims  apparent.  After  on© 
hour  the  reaction  Elxtijre  was  poured  Into  300  ml.  of  methanol, 
filtered  and  washed  with  additional  methanol.  Tte  resulting  off- 
whit©  solid  did  not  melt  up  to  400®C.  and  exhibited  characteristic 
said®  absorption  in  the  infrared  region. 


Hetterlation  of  Poly»2,2*-(m-phwlene)>5»5»-bib«ngiHiiAi«ftio 

Poly-2,2 »-(m-phenylene)-5,5»-t)lben8lflilda20Xe  (3,1  g,, 
0.01  mole)  was  dissolved  in  EHAe  (80  ml.).  To  this  solution  vas 
added  a  47J^  dispersion  of  sodium  hydride  In  mineral  oil  (7,0  g,). 
The  reaction  flask  was  then  fitted  with  a  drying  tube  and  the 
mixture  stirred  for  1.3  hours  In  an  Ice  hath  before  the  dropwise 
addition  of  methyl  Iodide  (total  30  g.)  was  begun.  After  this 
addition  was  cojuplete,  stirring  was  continued  until  the  reaction 
mixture  and  Ice  bath  warmed  to  room  temperature .  After  addition 
of  water  (150  ml.)  the  brown  solid  polymer  was  filtered,  washed 
several  times  with  water,  methanol,  and  ethyl  ether  and  dried  In 
the  vacuum  oven  at  I65*.  The  polymer  had  an  Inherent  viscosity 
of  1.44  in  formic  acid.  Infrared  absorption  bands  at  2,90m.  (free 
N-H)  and  3 *4011  (C-H  stretching)  suggest  that  the  polymer  Is  highly 
methylated.  The  N-methylpolybenzlmldazole  was  obtained  In 
yield  (3.0  g.).  It  does  not  melt  but  does  soften  slightly  at 

400® .  -o-  - 

Phenylatlon  of  Poly-2.2 »-(m-phenylene ) -5, 5 ^-blbenzUnldazole 

The  procedure  described  above  was  followed  using  lodo- 
benzene  In  place  of  methyl  Iodide,  Infrared  absorption  band  at 
3.1  to  3,3n  (N-H)  Indicates  that  phenylatlon  was  negligible. 

Preparation  of  N,N»-Dlacetyl-4.4»-dlamlnodlphenyl  Ether 

4,4»-I>lamlnodlphenylether  (50  g.,  0,25  mole)  was  dis¬ 
solved  In  lyrldlne  (450  ml.)  and  the  mixture  was  cooled  to  5*. 
Acetic  anhytolde  (50  ml.)  was  added  to  the  mixture  dropwise  with 
stirring.  After  addition  was  complete,  the  reaction  mixture  was 
warmed  to  room  temperature  and  allowed  to  stand  overnight.  The 
white  solid  which  separated  was  filtered,  washed  with  water,  and 
dried  to  yield  35  (SOJlS  yield)  of  H,N*-diae®tyl-4,4»-diaiaino- 
diphenyletlser,  m.p.  242®. 

The  preparation  of  this  tetraamlne  was  carried  out 
according  to  directions  received  by  private  comBunlcatlon  from 
the  laboratory  of  C.  S.  Marvel,  4,4‘».DlaeetylaffiiBodlphsnyl@tber 
was  nitrated  with  acetylnitrat®  to  yield  3,3*»-dlnttrO”4,4*-41>«. 
acetylarntnodiphenylether  which  after  Ijydrolysis  in  aleobolle 
potassium  hydroxide  and  subsequent  hylrogenation  with  Raney 
nickel  catalyst  afforded  the  desired  ;,,4,3«,4'-t«traaitd.nodipteeyl« 
ether,  m.p,  123-124*0. 
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PolsHBerlsatioo  of  3i3S^«4'-^traaalnodlpteQ7letter  and  Dlphoayl- 

iBOPhthAlAfca  _ _ _ 

Dlphenyllsophthalato  (3.18  g.,  0.01  mole)  and  3,3»,4,4*- 
tetatamlnodlphenylether  (2.30  g.,  0.01  mole)  were  placed  In  a  240* 
bath  under  nitrogen.  The  resulting  melt  turned  black  almost  Im¬ 
mediately.  Heating  was  continued  for  several  hours  and  the  tempera¬ 
ture  was  gradually  raised  to  310®,  There  was  never  any  Indication 
of  phenol  or  water  evolution. 

jydrolysls  of  4,4»-DlearbomethoxydlphenylBulfone 

To  80  ml.  of  a  10$!$  aqueous  KOH  solution  was  added  4,4*- 
dloarbooethoxydlphenylsulfone  (10  g,).  The  reaction  mixture  was 
refluxed  for  2  hours  before  cooling  end  diluting  with  100  ml.  of 
water.  After  filtering  the  reaction  mixture  was  acidified  with 
cone,  HCl.  The  resulting  white  precipitate  was  filtered  and  washed 
with  Water  until  neutral  washings  were  obtained  to  yield  after 
drying  9.0  g.  (quant.)  of  4,4'-dicarboxydlphenylsulfone,  m.p.  370*. 

Preparation  of  4.4»-DioarbophenoxydlPhen.vls\afone 

Three  grams  of  4,4*-dicarboxydlphenylBulfone  were  dis¬ 
solved  In  dx*y  pyridine  (35  ml.).  To  this  mixture  was  added  phenyl- 
(11 *5  g.)  (3)  end  the  mixture  heated  2  hours  on  the  steam 
plate.  After  standing  overnight,  the  reaction  mixture  was  diluted 
with  35  ml.  of  water  and  acidified  with  cone.  HCl.  The  resulting 
gum-llke  solid  was  filtered  and  washed  repeatedly  with  ethyl  ether 
to  yield  3*0  g.  (65^  yield)  of  4,4’-dlcarbophsnoxydlphenyls\ilfone 
m.p.  220-223®  after  recrystalllzatlon  from  ether-benzene. 

Polymerization  of  4|,4‘-Dlcarbophenoxydlph©nylsuifone  and  3,3’- 
Dlamlnobenzldlne 


3#3’-Dlaminobenzldlne  (1.C7  g.,  0.005  mole)  and  4,4 »- 
dlcafbophenoxydlphenylsulfona  (2,29  g.,  O.O05  mole)  were  melted 
in  a  250®  bath  under  nitrogen.  Polymerization  coasaenoed  at 
about  250-260®  with  evolution  of  water  and  phenol.  The  tempera¬ 
ture  was  raised  to  290®  and  heating  continued  until  the  mlt 
set  up  to  a  aolld  glassy  mass .  The  glass  was  broken  up  and 
reheated  at  temperatures  ranging  from  29O-380®  for  3  hours  under 
vacuum  (0,05  tm  Hg),  Tte  yield  of  polpior  ms  I.54  g.  (70^)  of 
yelicw-brwn  raatorlal  which  does  not  molt  up  to  400®  end  is 
soluble  in  fomio  acid. 
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Ill*  Poly-1* 3* 4-oxadiMtoles  -  P*  T*  WaUenberger 
Baekgrcmid 

nia  Boaroh  for  high  tenperaturo-Mslataat  flben  in 
tho  past  jeers  has  resulted  In  two  mjor  developoeats.  One  was 
the  preparation  of  poljt2«2'-(l,3-phenjlene)-5»5'-'bensliilda8ole] 
bulk  polpner  and  filas  ^  Vogel  and  Karvel  (2)  and  the  subsequent 
fabrication  of  this  polymer  Into  tough  fibers  bj  Fraser  and  Kane. 

!Ehe  other  development  was  that  Fraser  discovered 
that  aronatlo  poljC2*3-(l,3»4-oixadiasole)]  fibers  had  superior  high 
teeperature-reslstant  properties  as  well  as  excellent  fiber  proper¬ 
ties.  The  fabrication  of  these  fibers  was  aocoopllshed  by  a  unique 
cjolodehjdratlon  of  poljhjdmsides  In  fiber  fora  at  elevated  tem¬ 
peratures.  This  fiber  conversion  is  presently  the  only  route  to 
polj(l«3«4-oxadlazole}  fiber.  There  are  two  other  synthetic  routes 
that  lead  to  bulk  polymer  (4a,b),  but  lack  of  appropriate  polymer 
solvents  and  InfuslbUlty  of  moot  poly (oxadlasoles )  precludes 
fabrication  of  films  and  fibers. 


OIOT  Fiber 


Che  polyoxadlasole  namely^ 

phe8^1«iM-^*5“(l53»4-amdiasoI©)j  C50;50),  mTO-l/p#  showed  most 
pwsBlslng  ttoKal  stabilities,  it  is  obtained  by  cyclo- 
dehjdratim  of  tlie  alternating  polyhydJm'id©  derived  from  tew- 
phttaloyl  ©hloii.d©  and  iBc^hthalic  dihyto^ide. 
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HUB  fiber  ooRverslon  Bhould  be  quantitative  from  the 
ftui,  8tan(h>olAt  In  onSer  to  afford  the  deslrad  hl^-teiDperature 
properties,  and  It  muet  be  carefully  controlled  froa  a  mechanical 
standpoint  In  order  to  maintain  the  fiber  propertlee  through  varloua 
Inteznedlate  polyhydrazlde-polyoxadiaaole  ata^a.  A  coUblxiation 
of  both  requlreoenta  la  evwi  more  difficult  to  meet  on  a  practical 
scale  alnoe  temperatures  of  at  least  280*^0.  are  required  for  a 
reasonable  rate  of  the  ofiemlcal  reaction,  and  since  sustained  tem- 
peratux^B  above  320”  would  degrade  still  unconverted  polyhydrazlde 
links.  Finally,  possible  side  reactions,  as  noticed  by  StoUe  (5a) 
and  Pelliszare  (5c),  for  the  thermal  cyclodehydratlon  of  dlbensoyl- 
hydrazine  may  also  prove  to  be  detrimental  in  attaining  polyoaca- 
dlazole  fibers  with  optimum  fiber  properties  and  optlmua  thenial 
stabilities. 

Thus,  it  was  not  une^cted  that  reproducibility  of  this 
^mi tpm  polymer  reaction  (in  fiber  form)  was  extxemely  difficult 
and  required  research  under  most  accurately  defined  reaction  condi¬ 
tions,  and  this  report  sunaaarlzes  our  present  knowledge  of  polyoxa- 
dlazoles,  polyhydrazldes,  polyhydrazlde  chelates,  and  of  model 
ooopounds, 

Polyhydrazldes 


For  a  long  time  It  has  been  recognized  that  the  reaction 
between  carboxylic  acids,  esters,  anhydrides,  or  carbonyl  chlorides 
with  hydrazine  affords  carboxylic  hydrazldes. 


f  *1 

•  • 

-OH 

B2O 

-Cl 

BCl 

R-C—  < 

-OR 

>  +  NHg-mU - >  R-C-HH-NHg  4>  i 

ROH 

n 

0 

-OCR 

11 

0 

RCOH 

.  °  J 

The  reaction  of  esters  with  hydrazine  or  hydrazine  hydrate 

is  regarded  to  be  while  tlie  other  acid  derlvEtlTOs 

frequently'  lead  to  undesirable  mixtures  of  mono-",  di»,  trl»,  and 
tetraaeyl  hydrazines.  WLesters,  when  treated  with  hydrazlno  hydrate 
in  alcohol,  yield  nearly  quantitatively  tlM  deslrad  dlbydrazldcs 
which  are  polymer  intermediates  (8). 
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1.  Prwawition  of  Bulk  Polymar 

Low  teoperaturo  polymerization  of  equimolar  anounts  of 
dlbydnzlde  and  carbonyl  chloride  in  amide  solventa,  such  aa 
bexsraethylphoaphoremide  (MPA),  N-aetliqrlpyrrolidone  con¬ 

taining  2-59^  lithium  chloxlde  vas  found  to  be  the  only  prsparatire 
method  (6)  that  consistently  yielded  high  molecular  voii^t  poly- 
bgrdrazides.  Preparative  methods  (7)  found  in  the  patent  literature 
did  not  yield  hl^  molecular  weight  polyhydrazides  which  could  be 
fabricated  into  films  and  fiber. 

Unis,  OIOT  was  prepared  from  equimolar  amounts  of  iso- 
phthallo  dihydrazlde  and  terephthaloyl  chloride  in  amide  eolvents, 
such  as  hezamethylphosphoramlde  (H^IPA)  or  Nsaethylpyrrolidone  (NMP). 
The  reaction  proceeds  at  room  temperature  (or  below)  and  hl^ 
molecular  wei^t  polymer  la  attained  after  4-16  hours  of  reaction. 
The  polymer,  precipitated  with  water  or  methanol,  has  Inhorent 
viscosities  (i)inh)  In  dimethyl  sulfoxide  (KiSO)  ranging  from 
0.3-1.30.  The  preferred  preparative  solvent  Is  hexamathylphos- 
phoramlde . 


11 

0 


^NHNHg 

— C 
n 

0 


HMPA 
0-10* C. 


Since  the  mmilting  polyhydrtjsidee  often  cmtaln  aMdl 
mcxmtB  of  ash  after  coiEubustlon,  it  is  advisable  to  carry  out 
ti»  polymerizatloa  in  polyethylene  flasks  and  with  ”Toflon"« 

Peat’s  WS-fluorocarbOT  fiber. 
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Btlmrs.  FUrthor  washiogB  with  dlstlUad  and  daloniced  water 
are  in  order  to  prevent  faoiie  chelation  of  hsrdraside  links  with 
natal  ions. 

2.  Phhrleation  of  Fibera 

TMo  Bplmilns  solvents  have  been  used  during  this  study^ 
dlnattgrl  sulfoxide  (DSISO)  and  dlnethyl  aoetanide  (I&!io).  Ihe 
latter  solvent  allows  splxmlng  at  lower  te^peratareSf  hence  provides 
for  milder  operating  oonditions. 

Cne  batch  of  OIOT^  n<nh  ■  1*03  (C61S0)/  was  spun  fron 
EHSO  solids)  and  drawn  2X  at  10  lbs.  of  steam^  dried  and 
redrawn  1.2X  at  310®C.  over  a  hot  plate.  As-spun  yam  • 

1.8/117/41)  was  thus  oriented  (T/l^i  *  3,2/27/51)  and  finally 
oxystallized  {l/E/VLi  •  5,2/24/Bo).  A  one-year  old  ssa^le  (n^nh  -  1.6) 
of  an  oriented  yam  (IP/fe/l^i  -  3«5/l38/69)  would  not  allow  redrawing 
and  was  not  further  Investigated.  A  further  batchy  prepared  la 
HMPA  and  spun  from  ISISO  has  been  more  thoroughly  evaluatod  with 
respect  to  fiber  properties«  which  are  given  in  Table  iv. 

Alternatively,  K^c  may  be  used  as  spinning  solvent. 

Results  are  also  contained  In  Table  IV.  Use  of  this  solvent  allows 
higher  draw  ratlosj  and  lower  spinning  ten^eraturso .  VJhen  preparing 
Wko  solutions,  excessive  heating  should  be  avoided  since 
polymer  precipitates  at  about  120-130* C. 

A  number  of  spins  were  carried  out  with  containing 
2  or  5^  liCl  as  solvent.  The  advantage  of  this  modified  solvent 
is  that  solution  ooszsncos  more  smootlily  than  In  straight  KEc 
and  that  yam  with  high  moduli  can  be  obtained.  Ftonults  are  also 
listed  In  Table  IV. 

Spinning  of  OIOT  from  mso  custoKnrily  affords  fiber 
with  a  dark  yellow  color,  particularly  after  redrawing  at  300* C, 

This  imy  bo  attributable  to  the  onset  of  conversion  or  to  degrada¬ 
tion,  Even  2ram  obtained  fr<m  KIAc  ms  oliglitly  yellow  colored. 

To  avoid  this  dtscoloratim  altogether,  it  mo  necessary  to  cawy 
out  the  spinning  apemtlm  with  K-ISO  imdor  n1.trc^en.  Perfectly 
Bhlte  yam  resulted  after  fimwlng  at  100'"’ C.  and  redrawing  at  $20*0, 
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TO  even  further  broaden  the  eoppe  of  attainable 

propertiea  prior  to  ocmveralon.  It  eaa  of  ^ 

effects  of  heat  setting  on  tenacity  and  x-ray  crystallinity. 

Qie  results  are  tabulated  In  Table  v. 


TABES  V 

heat  SBTTJWQ  Qg  OIOT  lAHWS 


Fiber 


T/sAii  Before 
3.2/27/61 


1)  Draun  (oriented) 

2)  Redrawi  (oriented  and  crystalline)  6.0/BA51 


T/B/ti<  After 
3.7/19/85 
6.8A0A47 


BUS  treatment  enhanced  crystallinity  and  tenacity  of  the  tuo 
fibers  to  high  levels. 

It  nay  be  seen  that  proper  choice  of  spinnings  drawing 
and  heat  setting  conditions  (Tables  iv  and  v)  antes  it  posnlble  to 
obtain  OIOT  with  tenacities  ranging  frcm  3  to  7  EP<S.#  with  elonga¬ 
tions  ranging  frcsa  4-27JS  and  with  moduli  ronglng  from  60-169. 

This  study,  therefore,  affords  a  great  variety  of  yams 
with  various  combinations  of  properties,  each  of  wl^h  ^  be 
critical  In  attaining  optimum  properties  of  P0E2-IA 
conversion. 

3.  Stablllaatlon  of  Po3ylydraglde  Enolates 

PoUyhydrosldos,  in  basic  solution,  e:dilblt  an  IntoMOly 
vellow  color  (presumably  duo  to  ccnjugatlon  In  the  enol  fora)  as 
tes  been  discussed  already  (6).  ISicn  filns  or  fibers  are  c^osod 
to  tertiary  anlnofl,  similar  color  chrngc^  occur.  As  tl:a 
evaporatee  (on  drying  or  prolonged  expomro  to&lr)  the 
disatraears  and  the  sanple  beccE^s  colorlcca.  rabco  a  tort, 
amino,  was  added  to  polybydr^lde  ftlna  and  fibers,  acc^llc^^ 
a  oeraanmt  and  Irreversible  color  change  to  yellow.  Fibers  in 
thto  fom  war®  studied  to  see  if  the  enol  fora  Is  easier  converted 

into  POM  than  the  aorml  structure. 


efsSdSSr^’Tor*" Htowdry  Processing  Corp.'s  catalyst, 


27 


0  0 

fi  H 

Bool  Fom 


o 


*'0aboo''#  dazablojolooetand 

4.  Ultiftviolot  Stability 

PolTt^dnzlde  fllato  oast  fron  OMAo  or  from  HMPA  showed 
no  color  break  up  to  1000  hours  In  the  Fhdd-ODidter« 

Saaqples  of  OIOT  In  Its  yellow  foia,  stabilised  ty  "Dsboo" 
were  exposed  to  the  Fade*-Cnieter«  idhlle  no  color  break  ocouived# 
the  sanple  beoasie  brittle  In  less  than  200  hrs.  of  exposure  • 

5.  Solvent  Retention 

OIOT  fUns  have  been  cast  frcei  various  solvents*  Pllas 
oast  from  DC^O  produced  large  amounts  of  odors  attributable  to 
OKS^  EHSOg  and  EMSO  when  heated  to  180-350®.  In  order  to  remove 
the  solvent^  the  films  were  soaked  In  boiling  water  for  one  week 
and  dried  at  80*C,  (vac.)  for  one  weelc.  After  this  treatment#  up 
to  5$(  sulfur  was  still  contained  In  the  film  samples  as  evidenced 
by  Bderoanalysls.  Such  solvent  retention  in  OIOT  fibers  may  cause 
degradation  when  the  fiber  is  redrawn  and  crystallized  at  300® C. 
prior  to  cMiverslon  Into  polyoxadlazole  fiber. 

OIOT  films,  cast  from  hexacethylphosphoremlde  (ffilPA), 
which  Is  the  preferred  preparative  solvent,  occasionally  contained 
up  to  1$(  solvent  (as  calculated  from  phosphorous  analysis )  oven 
after  drying  for  72  hrs.  at  80®C.  (vac.).  PUm  cast  from  130 
did  not  show  such  drastic  solvent  retention. 

6.  Model  Cogoounds 

The  delicate  balance  of  reaction  eonditlone  by  which 
polyhydrazides  are  converted  Into  polycxadlazoles  iffiide  It  r^cessstiy 
to  prepare  a  mmibar  of  pertinent  model  corpounds  which  contain 
the  hydrazlde  link  for  evaluation. 
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These  »odel  ooopouade  are  reproduced  , 

Eranples  H-1  and  H-2  are  djhydrazldes.  EsaaapXes  H-3#  ^ 

^llgohydrazldes  (in  analogsr  to  poajrtcrdrazldea)  which 
to  undergo  ejclodel^tlon  and 

tie  propeied  toy  roflwcJng  the  appr^^te  dlalliyleeter 

Ivdrazlne  Iiydrate  In  othylalcohol  (8).  B>e  aeries  * 

Idilob  are  S^e.  bydrazldee,  la  prepared  (9.10)  In 

urn  toy  reaotiSr  of  a  dUiydiazldo  Blth  a  aultablo  carbonyl  chlorlda. 


%SH»^  II 


/imi^ 


n 

0 


Reflux  in  ^ 
i^riaino ' 


The  substituted  polybcrdrazlde,  H-6,  thou^t  capable  ^ 
sterically  facilitating  cyclodehydration,  was 

dlchloroterephthaloyl  chloride  and  Isophthallo  * 

equimolar  amounts.  Haxamathylphosphoraolde  was  the  solvent  without 

addition  of  Inorganic  salts. 

Chelatlnig  Properties  of  PolYhordragldes 

Polytoydroeldes.  In  analogy  to  staple  moncoerto  hytoaldea  (U), 
readily  undergo  oholatton  elth  a  host  of  taoi^e 
«BS  noticed  that  even  carefully  prepared  polyhyd^ldea 
0. a  to  a. OSS  ash  after  coabustlon.  It  laa 

Bight  too  detrimental  end  prevent  “o^let®  Eolation 

noljcseadiasoles.  A  study  designed  to  cl3ninate  th^  trace  ^^olatlon 

aHmatanaouBly  led  to  enperteonts  OIOT/ 

possibly  <^en  up  a  tsew  area  of  invosti^ption.  If  utility  for  OXOT/ 

chelate  films  or  fiber®  can  be  found. 
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1.  Prgparatlcn  of  Chelate  Films 


Ittltlal  chelating  studlee  of  OIOT  polyncr  were  carried 
out  with  film  because  of  greater  ease  of  handling.  A  0Z0T/hgCl2 
chelate  flLn  which  was  prepared  was  cci8:5)l0tely  transparent,  color¬ 
less  and  could  be  dried  In  vacuum  at  80®  over  the  week-end  without 
of  appearance.  When  heated  at  8o*  In  an  air  atcosphere,  this 
film  turned  brom,  Iho  original  HgCla/OIOT  chelate  film  was  placed 
In  A  Pide-Oneter  and  did  not  show  the  usual  color  break  to  yoUow 
e^^ected  from  ultraviolet  ageing.  Instead,  the  exposed  side  of  the 
film  turned  dark  gray  and  became  very  brittle  after  150  hours  of 
exposure. 

Other  metal  salt  chelate  polyners  of  OIOT  were  prepared 
but  films  could  not  bo  cast,  owing  to  their  Insolubility  In  various 
solvents. 

Chelation  of  OIOT  films  occurred,  however,  readily  on 
aiifwiimnn  piates  or  on  brass  plates ,  Iho  film  cast  on  brass  adhered 
well  for  4  hours  In  boiling  water.  Discoloration  of  the  OIOT 
occurred  simultaneously  tdilch  la  Indicative  of  a  picking  up  of  metal 
lens,  A  film  of  OIOT  east  on  alumlnua  could  not  be  removed  by 
boiling  the  film  with  the  aluminum  plate  In  hot  water.  It  was  still 
firmly  attached  to  the  aluminum  base  after  boiling  the  sarple  for 
3-4  days  In  water.  Uils  Interesting  adhesion  la  possibly  due  to 
a  polymer- to -metal  self -bonding. 

2.  Fabrication  of  Chelate  Fibers 

Such  chelate  properties  of  films  and  fibers  may  lead 
to  toterestlng  applications  m  the  field  of  high  tei:5)orature  Eate- 
rlals.  Chelated  OIOT  fibers  might  possibly  afford  a  now  oloes 
of  high  temperature-resistant  fibers.  Such  fibers  vdilch  carry 
metal  salts  could  be  further  treated  by  reducing  the  metal  salts 
to  Me* . 

OIOT  fibers  were,  therefore,  chelated  in  a  DTIF  bath 
oojtalnlng  about  10-15^  of  metal  salt.  In  some  case®,  a  esall 
amount  of  tertiary  amine,  e.g.,  N,H*“4ii£ietl:^l  anllino,  t;as  added 
to  make  the  salt  bath  more  basic.  This  gensrally  resulted  In 
less  eaKtanslv©  chelation. 
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POLYHXDRAZIDE/CHEIATE  FIBER  PROPERTIES 
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Khan  oriented  (dxmn)  fiber  {T/S/»±  -  3^,2/27/Sl)  was 
taeedf  the  fiber  properties^  after  ohalation*  as  shown  In  liable  Vll 
appeared  to  eorreapond  to  those  chameterlstlo  of  unorlented 
(as-spun)  OlOT  fiber  (T/l5/t§i  -  I.8/I18AI)  with  no  Indication  of 
x-rajr  orientation. 

Ions  such  as  eobalt^  ohroolun^  sllver«  tln»  and  oopper 
hare  been  used  In  this  exploratory  Investigation.  A  special  oassf 
however^  seemed  to  result  when  AgN(^  was  used  as  metal  salt.  In 
IMP,  chelation  results  in  a  straw  colored  0I0T/AgN03  fiber.  When 
this  fiber  is  run  through  a  subsequent  N,N' -dimethyl  aniline  bath, 
the  tert.  amine,  surprisingly,  will  reduce  AgK03  on  OIOT  to  give 
Ag®/OIOT,  with  fibers  having  a  sUveiy,  grey,  or  appearance 
depending  upon  conditions,  such  as  tenq>emture,  exposure  time  and 
concentration  of  solutions. 

The  change  in  yam  ppopertles  end  the  reversion  of 
oriented  to  amorphous  yam  (Table  vil)wa0  paralleled  by  a  sliallar 
property  change  when  crystalline  and  oriented  (drawn  and  redrawn) 
OIOT  fiber  woe  chelated  (Table  VIII;  27,  28).  The  chelated 
In  tM*  Instance,  had  lost  Its  original  ciystalllnlty,  and  appeared 
to  correspond  to  oriented  (drawn)  OIOT  fiber  {T/S/Lix  ■  3*2/27/61) 
with  respect  to  fiber  properties. 

TABLE  VIII 


HIGH  TEHACITY  CHBIATB  FIBERS 


CoCl5>-Bath  “ 

OIOT  Fiber 
T/EM± 

Chelate  Fiber 
T/fe/Hl  _ 

Oryetalllnlty 
of  Additive 

Color 
of  Fiber 

27 

DHP 

5.2/S^/BO 

2.3A5/55 

Green 

28 

IMP  +  DMA* 

5.2/24/80 

3.4/2T/59 

trace 

Olive 

29 

DMP  +  DMA* 

1.0/96/39 

O.BAOO/39 

•f 

Green 

♦DMA,  -dimethyl  aniline. 
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A  sample  of  aan^pun  (anoiirtiOUB )  OIOT  fiber  eae  also 
obelated  (Table  vin,  29).  It  retained  all  Its  fiber  properties. 

THgh  teiqperature  stability  night  result  If  these  high 
tenacity  chelate  fibers  were  reduced  to  OIOT/fete*  fibers. 

3.  Reaction  with  Alkorides 

During  the  course  of  Investigations  on  pol3^iydraaldes» 

It  was  noticed  that  OIOT  gave  highly  viscous  and  partly  swellable 
solutions  when  treated  with  altooxy  derivatives  such  as  ao^l^ 
nethoxlde  or  alumlnun  Isopropoxlde.  When  a  1^  solution  of  OIOT  to 
dlnetlvl  sulfoxide  was  waiwed  to  70*#  an  unusual  viscous  gel-iuco 
cass  resulted.  No  change  to  appearance  resulted  on  standing  for 
over  2  days  at  room  teEperature .  Evaporation  on  a  steam  bath 
resulted  In  a  continuous  film  which  was  yellow  to  appearance  and 
did  not  melt  below  400*C.  After  drying  In  a  drying  oven  overnight. 
It  was  analyzed  and  shown  to  contain  305S  ash. 

A  elmllarly  viscous  solution  resulted  by  treating  a  1^ 
solution  of  polyhydrazlde  to  dimethyl  sulfoxide  with  sodium 
methoxlde.  However,  to  this  Instance,  a  brom  solid  precipitated. 
It  was  washed  with  ethanol  and  dried.  Mlcroanalytlcal  analysis 
showed  It  to  contain  20.2^  ash. 

A  structural  analysis  of  both  metal  alkoxlde  derivatives 
of  OIOT  has  not  yet  been  successful. 

Poly(1.3.4-oxadiazoles)  and  Fiber 

1.  Synthetic  Routes  to  Bilk  Polymer 

HUlsgen  and  coworkers  have  reported  extensively  (12,13) 
on  the  reaction  of  tetrazolee  with  acid  chlorides.  It  gives 
1,3,4-oxadlazoles.  He  successfully 


3^ 


nadd  ollgooyolie  cnadlasolea#  Ineludlxig  ona  consisting  of  a 
nlne-meniberad  ring  system  with  alternating  ^-phenylene  rings  and 
oxadiazole  rings.  Ihls  reaction  has  been  used  to  prepare  a  number 
of  model  compounds  for  PODZ-lA  described  in  a  later  section. 

Hulsgen  and  cowortors  attespted  preparation  of  polyoxa- 
dlazoles  (13)  by  the  following  variation  of  the  initially  explored 
reaction. 


The  zesultlng  product  resembled  the  9-meiBbered  oligo- 
oandiazole  but  could  not  be  reorystalllzed.  This  polymerization 
was,  therefore,  not  further  pursued. 

Abshire  and  Marvel  (4)  have  reported  the  preparation  of 
sevexul  arocatlo  polyoxadlazoles  from  dltetrazoles  and  dlacld 
chlorides  In  Inert  solvents.  This  type  of  preparation  was  repeated 
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uBlhg  aal<to  aolvents  suoh  as  baxanethylphosphoxaialde  In  the  hope 
that  higher  noXeeular  weight  polyner  would  result.  A  few  experl- 
Bents  using  this  route  yielded  polyoacadlazole  with  viscosities 
lower  than  0*3  (in  sulfUrio  acid). 

Another  issthod  for  preparing  polycocadlasoles  was  briefly 
studied.  It  Involves  reaction  of  bis -ortho  esters  and  dlhydrarldes 
in  accordance  with  the  Bonceasrio  Bodel  reaction  reported  by 
Ainsworth  (14). 


The  preparation  of  bls-ortho  esters  can  be  carried  out  by  treating 
dilBkinoesters  with  absolute  alloanols  according  to  monoeierlc  tsodel 
reactions  (15).  Three  dllainoester  hydrochlorides  (16,17)  have  been 
prepared.  They  are:  dliaethyl  Imlnosucelnate,  diethyl  Imlnosucclnate, 
and  dletl^l  Inlnolsophthalate.  Ihe  diethyl  ortho -succinate  has 
been  prepared  with  great  difficulty  In  reasonably  pure  form  and 
reacted  with  isophthallo  dlhydraslde.  No  high  poIyEsr  resulted. 

2.  Polvoxadlazole  Bulk  Polvcer  frcm  OIOT 

Om  Inacoesslblllty  of  high  molecular  weight  polyoxa- 
dlasoles  by  above  routes,  the  lack  of  solvents  for  such  polynars 
and  the  excellent  synthesis  of  high  molecular  weight  polyhydrazldes 
discovered  by  Frazer  made  OIOT  and  Its  fibers  the  potential 
intermediate  for  PODZ-l/T. 

The  cyclodehydretlon  of  monarerle  oodel  reactions  is 
carried  out  at  elevated  tenperatures  (themal  conversion)  or  m 
solution  with  chlorosulfonio  acid,  sulfUiyl  ciaorld©,  toluene 
sulfonic  acid,  tosyl  chloride,  organic  anhydrides,  and  sulfuric 
aoid. 
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H«ned«  Mwral  typ®8  of  oonwrBlons  wow  studied  and 
are  deBcrlt)ed  In  the  foUowtng  paragraphs.  Pwml  conversion  of 
poaytiydraside  fibers  Is  described  In  a  later  chapter. 

Conversion  of  poJyhydrazlde  bullc  polytser  at  elevated 
teineratures  was  studied  by  heating  a  finely  ground  (40  mesh)  saiVlo 
of  OIOT  for  48  hrs.  at  283*  (0.4  na. ).  The  resulting  PODZ-Vr 
bulk  polymer  analyzed  correctly  for  polyoxadlazole#  as  Judged  by 
carbon*  hydrogen,  and  oxygen  analyses. 

Six  saag>les  of  polyhydrazlde  fiber  were  heated  In  a 
steel  bcab  with  steam  at  254*0.  (inside  terjperaturo )  and  585  lbs. 
pressure.  Steam  at  this  temperature  did  not  effect  cycllzatlon 
•nil  the  fiber  degraded  badly . 

nienaal  conversions  of  polyhydrazldes  In  solution  were 
also  attenpted  In  hexaEathylphosphoraml(to  at  200*0,  ly  heating  a 
105^  solution  for  24  hrs.  under  nitrogen.  During  the  course  of  the 
reaction,  solid  polyner  precipitated  which  analyzed  for  polyojca- 
dlazole  with  a  90^  degree  of  conversion  as  Judged  by  carbon,  hydrogen, 
and  oxygen  analyses. 

piiirt  dehydrating  agents  in  solution,  such  as  N,N- 
dlcyclohexylcarbodllmlde,  trlchloroacetonltrlle,  and  tetrachloro- 
di  f inoroacetone  were  without  effect.  No  change  In  oxygen  analysis 
was  obtained  when  saispleB  were  withdrawn  over  a  period  of  four 
days.  Strong  dehydrating  agents  such  as  acids  or  bases  degraded 
the  polyhydrazlde  partially  or  totally  while  conversion  occurred. 

ningsberg  (19)  had  reported  that  syesEetrleal  arcsatlc 
dli^diazldes  could  be  converted  Into  2,5-dlsub8tituted  1,3»4“ 
oxadlazoXes  by  the  reaction  of  phosphoazo-derlvatlves  of  eyclo- 
bnyltaSxM  [06KiiH-PHH06Hu1.  »  2.5^  .olutlcn  of  OIOT  In  a 

mixture  of  dlrathyl  sulfoxide  and  ©Tdlchlorobonzena  was  treated 
with  the  phosphoazo -derivative  of  cyclohsxylanlnc  and  of  ajolllne. 
After  heating  on  a  steam  bath  a  yellow  color  appeared  in  each  casoj 
both  solutions  were  precipitated  with  acetone,  washed  and  dx*l®d. 

®ie  analsrtioal  results  showed  that  high  molecular  walght  poly“ 
hydmzlde  tas  recovered  unchanged  In  each  case.  Hone®,  this  method 
is  not  mil table  for  conversion  of  polyhydrazldes  Into  polyoxadlasole* . 
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nie  polTMr  from  the  above  solution  and  bulk  conversioiis 
m9  not  soluble  In  conventional  polsnoer  solvents  Including  tri* 
fluoroacetlc  acid,  hence  could  not  be  fabricated  Into  fllns  and 
fibers.  For  this  reason.  It  was  necessaiy  to  convert  polyhydraslde 
fibers  by  thennal  conversion  Into  polyoocadlazole  fibers. 

3,  Conversion  of  Fiber  In  Vacuum 

Uhls  study  was  designed  to  furnish  Infomatlon  about 
tite  debydratlon*^cllzatlon  mechanlea  in  conjunction  with  fiber 
properties.  Ihe  goal  was  to  find  optlEua  conversion  conditions. 
Such  conversions  were  carried  out  with  polyhydrezlde  (OIOT)  fibers 
at  222*,  242®,  265*  and  283*C.,  whereby  the  fiber  BaE?pleQ  were 
wound  around  scall  perforated  metal  bobbins.  Ifcose  bobbins  were 
placed  In  a  tube  which  was  evacuated  and  then  heated  In  solvent 
vapors  corresponding  to  above  boiling  points.  A  sacple  of  bulk 
polyTBor  (40  mesh)  was  likewise  converted  at  283^'  (vac.). 

For  fiber  conversions,  OIOT  yam  (T/F/Mi  «  5/24/30) 
was  used.  SaB5>les  of  Individual  runs,  cccprlslag  3-6  bobbins,  were 
periodically  withdrawn  In  order  to  follow  the  conversion  with  time. 

The  withdrawn  samples  were  analyzed  (r/^4l,  J0O,  IR) 
and  showed  the  following  resiUta  which  are  typical  for  this  type 
of  conversion. 

No  conversion  occtirred  at  222*  wlthir.  72  hrs.  as  evi¬ 
denced  by  virtually  unchanged  oxygen  analyses.  Kowever,  the  yam 
properties  changed  from  T/3  -  5*2/20  to  2.6/^, 

At  242*  there  was  a  slow  conversion,  estlmted  by  oxygen 
analysis  to  be  50JS  In  about  48  hrs.  The  yam  properties  gradually 
changed  from  T/E  •*  5*2/20  to  1.9/5* 

At  265*  the  yam  ccnverslon  proceeded  with  noticeable 
mte  but  within  30  hrs.  the  yam  properties  had  changid  frera 
T/fe  -  5.2/20  to  0.7/0. 6.  After  72  hm.  at  233®  the  ©see  reaiilt 
(T/S  «»  1» 0/1.0)  was  observed  with  nearly  con^plete  c(w;veMl€3n  to 
POM. 

Conversion  studies  in  ramim  were  cumbeiricssa  and 
inhoBogeneais  fiber  mmplea  after  conversion. 
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4.  Gorngfllon  of  Fiber  On  Solvent  Tlapow 

It  was  bellewtf.  that  coQveralon  ta  solvent  vapors  at 
tenvexatores  ranging  from  270-290*C.  would  provlde^ttsr 
Sion  conditions  hscause  of  better  heat  transfer.  ^ 

of^onvarslons  were  carried  out  In  refluxing  dlphen73ii»thane, 

265*C.,  and  dlphenylethane,  283*0.  Because  of  the  taiom  ctelnt^ 
t^enoy  of  polytoydrazldes,  the  conversion  of  slsolns  of  OIOT 
earned  out  on  "iteflon"  bars,  thus  avoiding  glass  rods 
bobbins.  A  larger  sacple  of  OIOT,  after  ccnverslon  at  ^ 
used  for  thercal  stabUlty  studies  which  provided  a  saoc^ 
cycle.  rt»  initial  polyoxadlasole  properties  are  given  tn  Table  IX. 

TABlg  IX 

POUf-l.^^.^-OXADIAZOLB  (POPZ-lA)  FIBgR  PROFBm^ 


Ten.  (T),  Elong.  (B)#  Hod.  (Mj^) 

2,6/5.1/124 

Denier 

3.0 

Loop  (TenacltyAlongatlon) 

1.8/2.8 

Denier 

3.9 

Bhot  (Tenaclty/tooigatloo/tedulus ) 

2.3/2.6/T9 

Denier 

3.0 

X-ray  Ciystalltolty  (aiK«nt/i>erfectlon) 

loa/low 

X-ray  Orientation  (degrees) 

31*  (outer) 

38* 

0Ryg<wi  AmlyslB  (Tbeor.  H.IO^) 

12.1JS 

ISsroMghcwt  the  investigation  It  was  noticed  that  eioro- 
anaOytlcal  data  are  not  m  reliable  as  would  b©  desirably 
Bftc«?pl©t®  ccasbustlm  or  actoal  presence  of  ash  of  unjsaown  origin 
would  require  ©  detailed  simlytlcal  study. 

Ihsm.  iiloroaaaliytical  results  begin  t©  indicate 
pletlcsn  of  ccnversioa  {with  0MiBlJBtent.ly  hl^  oxy,73n  values )  data 
such  as  those  shorn  to  Table  IX  ar®  eharactortotlc  for  Inittoi 
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poiyoocadiuole  fiber  properties.  Further  heetliig  of  such  Initial 
polyoiadiBSole  fibers  at  280*  or,  more  efficiently,  at  300-400* C. 
slightly  changes  Initl^  properties,  T/E/hi  •  2. 6/3 .1/^4 
ruial  properties, -  I.0/L.0/I09  which  then  no  longer  change 
on  continued  heating,  but  still  show  high  oxygen  values  and 
oecasionally  ash  of  undetezviined  origin. 

5,  Conversion  of  Fibers  in  Nitrogen 

In  order  to  obtain  large  sasples  and  to  oirouatvent  the 
ounbersoeie  procedure  of  exposing  fibers  to  solvent  vapors  (whereby 
solvents  quite  often  show  signs  of  degradation),  it  was  decided  to 
use  Buffle  furnaces  (with  Kg  leads)  for  conversion  of  OZOT  fibers 
at  280* C. 

Hence,  a  great  variety  of  polyl^Tdrazldes  was  converted. 
Sbsall  or  large  ssuzples  were  placed  in  furnaces  and  allowed  to  react 
for  periods  usually  in  excess  of  2  days,  until  mlcroanalytlcal 
data  showed  constant  values  as  sign  of  cosplete  conversion. 

Only  a  few  representative  sarples,  as  shorn  in  Table  x, 
indicate  that  conversion  proceeds  to  the  initial  polyoxadlazole 

fiber. 


TABia  X 

INITIAL  POLgQXADIAZOIg  PROPERTIES 


T/SAjl./Den. 

0^ 

Note 

39 

2.6/3.1/124 

12.10 

Cesaverted  in  boUlng  diphenyl- 
methane  273*  c. 

49-1 

2.8/3.6A04/3.9 

13.38 

Converted  In  nitrogen  at  28o*C. 
(ruTmce). 

49-3 

2.4/IS.6A02/3.5 

12,40 

Convex'ted  in  K2  at  28o*C. 

49-4 

3.0A-3A49A.8 

11.89 

(^elized  in  fUroace  (N2,  2S0*G.). 
contained  ash. 

TO-2 

3.2A4A40A-5 

12.20 

Cou,rtesy  VJ,  Stsesny  aM 

C.  tojllen.  Sarple  conta.ioM  ash 
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Further  beating  at  300*400*0 In  analogy  mth  above- 
BMntlooed  eaaea#  proAicee  final  polyoxadiazole  prcpertlea 

I.O/I-O/^O)  as  win  be  discussed  In  conjunction  with 
thexBoatabinty  studies  In  a  later  aectlcn. 

Thus*  conversions  in  ouffle  ftimaces  at  280*C,  represent 
the  Bost  suitable  means  of  converting  polybydxnzlde  fibers  into 
polyoxadiazole  fibers.  While  scoe  Irproveients  can  be  visualized, 
such  as  better  conversion  control  with  standardized  analytical 
methods,  there  appears  to  be  ntiich  reason  to  bellovo  that  thsce 
properties  are  representative  of  polyoxadiazole  fibers  derived  from 
all*arcs3tio  polyhydrazlde  fibers.  Since  PODZ-I/^  effectively 
represents  a  polyphenyl  analogue.  Its  fibers  are  cspccted  to 
possess  hl^  chain  stiffness,  as  expressed  by  low  elongations  and 
high  moduli. 

6.  Model  CccToounds 

Ollgo-oxadlazoles  have  been  prepared  as  n>del  coepounds 
for  thermal  stability  studies  of  PODZ-I/P*  Generally  there  are 
two  possible  synthetic  approaches.  Cno  utilises  the  ring  closure 
of  hydrazldes  to  give  oxadlazoles,  the  other  E!al®o  use  of  the 
Hulsgen  reaction  (12,13),  l.e.,  the  reaction  of  totrosoles  with 
acid  chlorides. 


Bm®,  tmmibstituted  asc^el  ccE^enstdiS  for  fWZ-l/T 
(coded  0«*1  to  0*=8)  wore  prepared  ecoordingly  (ihble  xi).  Bia 
lower  me^rs  b  to  5  rijoga )  t«ra  coaTOnloitly  prepared  frea 
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oUgo-tqr^Unsldes  H*»3,  H-4#  and  H-5  ^  eonvertlng  them  Into  the 
eorreapcodliig  ollgo-aadlaaolee.  «»  hlfi^JOP  soitibepDd  (aadlazolos 
(5  to  9  lings)  HOPS  ppspaiod  tor  tho  Buisgon  poaotlon  (ttblo  Xli) 
beoauso  syntheala  and  purification  of  tho  precursor-hordpazldos 
would  present  a  fortlddlns  probleo.  Model  ccopound  0-5*  a  flvo- 
nsoberod  cocadlazolo,  was  prepared  by  both  cothods  with  identical 
properties.  Oxadlazolos  0-7#  a  9-cs=borcd  Bodol  cespound,  end  0-8* 
a  13-oeabered  polyphenyl  analogue  (laolecular  weight  ^  1000)  are 
cost  useful  for  a  oec3g>aratlve  evaluation  of  thoical  stablUtlca  of 
polyrof** ** gfti AH  and  ollgo-oxadlazoles  (as  dlscussod  later)  cz!d  for 

a  spectral  analysis  (Figure  1). 

affnn  (13)  has  shom  that  the  oxadlazole  noloty  Is 
spectrally  equivalent  to  a  p^-phonylene  colety  as  evidenced  ty 
Identical  bathochrcoalc  shifts  In  going  f ren  biphenyl  (2  rings )  to 
teiphenyl  (3  rings)  to  novlphsnyl  (9  p-^-henylene  rings)  and  In 
going  froa  2-phenyl -1# 3# ^“<®adlMolo  (0-2,  2  rings)  to  2, 5* 
dlphenyl-l,3,4-axadlasole  (0-3*  3  rings)  to  0-4  (5  rings)  and  0-8 
(9  rings).  nlneHssinbered  novlphenyl  analogue  was  the  highest 

iteeber  he  was  able  to  prepare. 

O  O 


ef(k,jugatloKi  in  g^polyphoixylene  and  p,“Polyoa£Bdlasoles 
be  different  fren  that  observed  In  n-polyphenyls  end 
c^ntaxning  &*phcnyleno  rings*  Oil  Ian  and  Hey  (20) 
fwnd  that  the  long-wave  absorption  scaxlisa  In  a-polyphsnyls  are 
emotant  in  their  position  for  a  «  2-16  and  that  the  extinction 
omslsts  additively  of  biphenyl  estlncUons . 

Since  POIS-I/T  is  not  a  ^-^olyphenyl  analogue*  eeii^uga- 
tion  in  it®  speotrua  would  b®'  llmitod,  saite  should  be  tme 
of  WWt^X/^  model  cocpousids  such  as  0-5  (5  rings)*  0-7  (9  riiissi* 
and  0-8  (13  rings). 
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PREPARATION  OP  OLIOO-OXADIAZOLES 


JJJJ 


•OdB  18  bozno  oat  tj  Inopeotlcn  of  tlia  W  speotra  of 
iBisabstlttttea  OKadlazolos  contained  In  T&ble  xi  (Figure  1). 

BowevePf  since  the  oocadlasole  structure  is  equivalent  to  £,*pliBBgrlene» 
the  only  m-structures  In  oligo-oxadlazoles  0^,  0-7,  and  0-8 
originate  fron  aeta-phenjlene  moiety. 

The  light  absorption  of  oxadlazoles  prepared  for 
shidy  Bhottldf  therefore,  be  representative  of  the  following 
polyphenyls  (Ohble  xill): 


TAHEg  XIII 

OKftDIAZOlgS  AND  rn-POLgFBmLS 
Qttdlasole  Equivalent  m;>Po3yphenyl 


Iha  analyeesof  various  substituted  cocadlasoles,  as 
prepared  for  this  study  as  Intexmodlatas,  are  tabulated  In 
Ihble  XIV,  together  with  physical  properties  of  a  few  similar 
ocf?po«nd8  as  reported  by  Huisgsn  (12,13).  !mea®  coEpounds  have 
not  been  evaluated  farter. 
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Thermal  Stabilities  of  Polymera 


1 .  Thermal  Stability  of  the  Oxadlazole  Structure 

The  thermal  stability  of  poly(l,3,4-oxadlazole)  fibers 
was  Investigated  In  order  to  assess  accurately  their  possible 
utility  at  elevated  temperatures.  This  study  was  carried  out  on 
thermogravlmetrlc  balances,  and  the  programmed  thermogravlmetrlc 
analyses  (TOA)  are  reproduced  In  Figures  2  and  3. 

Curve  1  (Fig.  2)  Is  reproduced  from  a  programmed  TOA 
run  (Ng)  using  PODZ-l/T  fiber  with  fiber  properties  (T/E/^1  - 
2.6/3.1/124)  as  shown  In  Table  IX. 

Curve  2  (Fig.  2)  Is  reproduced  from  a  paper  of  Abshlre 
and  Marvel  for  PODZ-l/T  bulk  polymer  with  an  Inherent  viscosity 
of  Ti  -  0.01  (25^,  H2SO4). 

Curve  3  (Fig.  2)  Is  a  record  of  a  TOA  run  using  a 
9-membered  ollgo-oxadlazole  (mol.  weight-^  600). 

Curve  1  (Pig.  3)  Is  reproduced  from  programmed  TOA  of 
the  polyhydrazlde  OIOT,.  which  Is  converted  Into  PODZ-I/T.  This 
reaction  -  although  normally  carried  out  Isothermally  -  proceeds 
also  with  programmed  temperature  Increase.  Water  loss  occurs 
and  the  plateau  shortly  before  400-450°  shows  that  polyoxadlazole 
has  formed. 

Curve  2  (Fig.  3)  is  the  record  of  a  TOA  run  using  poly- 
(octamethyiene  dlhydrazids } .  As  in  case  of  curve  3  (Fig.  2), 
conversion  occurs.  Is  completed  at  about  350°C.,  and  P0DZ-(CH2)8 
gives  evidence  as  stable  species  at  temperatures  above  350°C. 

Thus,  aromatic  poly-1, 3, 4-oxadlazoles  (examples  1  and  2; 
Fig,  2)  are  thermally  stable  and  decompose  between  450  and  500°C. 
Aliphatic  polyoxadlazoles  (example  5)  degrades  between  400-450°C, 
Such  differences  between  aliphatic  and  aromatic  species,  which  are 
reflected  also  in  melting  points,  are  expected.  The  aliphatic 
example  has,  therefore,  been  Included  only  for  reference. 

2 «  Fiber  Properties  at  Elevated  Temperatures 

Polyoxadlazole  fibers,  PODZ-l/T  were  Investigated  care¬ 
fully  by  a  study  concerned  with  the  themal  stability  with  respect 
to  fiber  properties. 
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>1* 


TABLE  XV 


THEHMAL  STABILITT  OF  PODZ-l/T  FIBER  (300-400_*C^ 

Initial  Fiber  Propartiaa  T/E/Kl/den.  -  2.6/3, 

300*C..  Air  (b.o.)  300*C..  Hltrogen  (b.o.) 


Hours 

V/iAii./0tn.  ■ 

itc/K&mi ..  . . 

T/E/Ml/t)en. 

2 

2.5/4.8/102/3.2 

96.5/>100/50.0 

2  2.7/4.2A04/3.3 

*OO/>1OO/04.O 

i( 

e.1 

-- 

4  a.8/3.6/9lA.8 

>100A100A4.5 

6 

2.6/3.2/102/3.0 

100.0/>100/81.2 

6  2.3A*2A0^/2-7 

92. 5A1 -5/84.0 

24 

1.3/1.4A1'*A»9 

50.0/45.2/90.0 

24  2.3A-4A07A-9 

92.5A7. 5/86.5 

52 

1.1/1.1/93/3.2 

42.4/35.2A5.0 

150  1.7A -6/87/2 .9 

65.4/5I.6AO.O 

72 

-- 

“ 

325*0. f  Nltroitsn  (b.o.) 

96 

1.2/1.2/87/2.7 

46.2/38.1AO.O 

2  2.6A.7A45/2.5 

100.0/87 .1/>100 

120 

1.7/1.6/87/3.0 

65.4/51.6AO.O 

4  2.8/3.9/139/2.9 

>100/>100/>100 

144 

2.0/1.8/105/3.1 

76.9/58.1/84.7 

6  2.4/2.OA36/2.9 

92.3/64.5/>100 

168»* 

1.2/1.2/112/2.7 

46.2/38.7/90.3 

24  2.0/1.8/149/2.8 

76.9/58.1/AOO 

48  Not  tested 

— 

350'C.. 

Air  (b.o.) 

350*0..  Nitrogen  (b.o.) 

1  2.8/3.9/102/2.8 

>100/>100/82.5 

2  2.4/2.8/101/3.2 

92.5/90.5/81.5 

6  2.7/3.4/118/2,8 

>100/>100/69.0 

.12  1.9A.9A05/2.9 

73-2/61.2/84.5 

24 

2.1/2.2/103/2.7 

80.8A1. 0/83.1 

24  2.3/2.2/132/2.9 

88.5A1-0A1OO 

48 

2.1/2.2A13/2.9 

80.8/67.7/91.1 

48  2.5/2.6/128/2.8 

96.2/83.9/>100 

72 

1.7A -6/110/3 -0 

65.4/51.6/88.7 

72  1.7/1-4/164/2.9 

65.4/45.2/>100 

96* 

1.1/1.1/102/3.3 

42.3/32.3/62.3 

96*  1.2/1.2/03/2.7 

46.2/38.7/66.9 

375*C« 

Air***  (b.o.) 

375*0..  Nitrogen  (b.o.) 

2 

1.0A. 8/81/2. 9 

69.2/58.1/65.3 

2  1.5/1-3/110/2.9 

57.7/42.9/95.2 

4 

1.9/2.2A2/2.8 

73.  lAi.  0/58.1 

6 

1.7  A  •7/66/2. 7 

65.4/54.89/53.2 

6  1.2/1.2/97/3.3 

46.2/38.7A8.2 

24  1.6/l.,4Al2/2.7 

61.5/45.2/90.3 

48* 

1.6A.  3/100/2 .7 

61.5/41.9/00.6 

48*  1.3A- 1/92/3.0 

50.0/35.5/(4,2 

400*0., 

Air  (b.o.) 

400*0.,  Nitrogen  (b.o.) 

1 

2.0A.3A7/2.6 

76. 9A4. 2/62.1 

2 

2.4/2-7/64/3.1 

92.3A7.V51.6 

4 

2.1  A  .9/81  A- 5 

80.0/61.3/65.3 

4  1.7/1. 8/1 0<V3.0 

65.8/58.1/80.6 

24 

a.  5A -6/67/2-6 

96.2/83.9/54.0 

6  1.6/1.5/89/2.9 

59.6/48.4A1.8 

40* 

1.8A. 8/84/2 .8 

69.2/58.1/67.7 

24*  1,3A.2A02/2.8 

50,4/38.7/92.3 

450*0., 

Air 

450'C.,  Nitrogen 

1 

.Sswplea  pju-tly  burnt 

and  degraded 

Samples  partly  burnt 

and  degraded 

®L<»s«r  expoaur#  ti««8  prcxluced  which  waa  too  brittle  to  teat, 

was  too  brittle  to  teat  in  duplicate  experlawnfc. 

»#epit)er  aamplsa  partially  degraded  >4  hra .  in  duplicate  runs  due  to  uneven  heating. 
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A  number  of  PODZ-l/T  fiber  samples,  on  perforated  metal 
bobbins,  wre  placed  Into  muffle  furnaces,  the  temperature .  of 
which  was  accurately  controlled  by  Pyrovans.  By  this  procedure, 
samples  -  In  air  or  In  nitrogen  atmosphere  -  were  kept  at  constant 
temperatures  between  300“  and  450“C,  for  prolonged  periods  of 
time.  At  given  time  Intervals,  samples  were  withdrawn  and  fibers 
were  tested  (T/lB/Mi/den./^0) . 

The  results  of  this  study  are  contained  In  Table  XV. 
Polyoxadlazole,  PODZ-l/T,  with  Initial  fiber  properties  (T/^/Mi/den. 
2.6/3.1/124/3.0)  were  heated  and  attained  final  PODZ-l/T  fiber 
properties  [T/E/>ii/den. I.I/I.I/90]  after  a  certain  time  at 
temperatures  between  300“  and  400“C.  (in  air  or  nitrogen). 

In  agreement  with  the  TOA  curve  1  on  Figure  2  the 
PODZ-l/r  fibers  disintegrated  at  temperatures  between  400“  and 
450“C. 

Data  reported  in  Table  XV  refer  to  b.o.  (bolled-off) 
fiber  properties. 

3.  Pinal  Oxadlazole  Fiber  Properties  after 
HT -exposure _ 

As  becomes  evident  from  Table  XV,  polyoxadlazole 
properties  change  upon  exposure  to  high  temperatures.  Thus, 

Table  XVI  was  compiled  to  elucidate  final  and  constant  fiber 
properties  of  PODZ-l/T. 


TABLE  XVI 


FINAL  POLYOXADIAZOLE  PROPERTIES 


TAAl/Den. 

0% 

Note 

44-9 

1.1/1.1/93/3.2 

11.57 

After 

52  hrs.  at  300“  (air). 

39“4 

1.2/1.2/112/2.7 

11.80 

After 

168  hrs.  at  300“C.  (air) 

48-4 

2.1/1.8/136/3.6 

After 

48  hrs.  at  400“C.  (air). 

54-4 

1.3/1.1/92/3.0 

After 

48  hrs.  at  375“C.  (Ng). 

43-4A 

1,1/1.1/102/3.3 

After 

96  hrs.  at  350“C.  (air). 

43-5 

1.2/1.2/83/2.7 

After 

96  hrs.  at  350“  (Ng). 

*  Not  yet  available. 
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ThuSf  It  appears  that  the  Initial  PODZ-3^  fiber 
(Hsble  X)  obtained  by  complete  cycllzatlon  of  OIOT  possesses 
a  fiber  struoture  ^hlch  gradually  changes  Into  a  themally  more 
stable  but  stiff er  structure.  Ihus#  the  final  polycncadlazole  struc¬ 
ture  has  lower  elongations  and  hi^er  nodall  and  Is#  therefore# 
aiost  characteristic  of  a  polyoer  consisting  exclusively  of  Intra- 
linear  arosoatlc  rings. 


1.  Poly(1.3.4-oxadla201e  Fiber  Prcperties 

Poly(l,3#4-oxadlazole)  fiber,  POD2-I/^#  with  high  thensal 
stabilities  has  been  prepared  by  cyclodehydratlon  of  polyhydraside 
fiber#  OIOT. 

OIOT  fiber  for  this  study  was  prepared  with  various 
levels  of  properties  and  with  various  degrees  of  ciystalllnlty . 

In  general#  tenacities  (T)  ranged  frees  3  to  7  elongations 

(jfiB)  from  10-24j^  and  moduli  (Mi)  ranged  from  80-169. 

Optimum  conversion  of  OIOT  fiber  proceeds  at  280*C.  In 
a  muffle  fuxnace  under  positive  nitrogen  pressure  and  is  coispleted 
In  48-72  hrs.#  as  evidenced  by  analyses. 

PCDZ-I/^  fiber  obtained  in  this  manner  had  the  following 
typical  fiber  properties:  T/S/ll^l/den.  -  2.6/3.lA2^/5*^ 
was  thermally  stable  when  exposed  to  prolonged  periods  of  time 
to  teaperaturee  of  400® C. 

During  heat  treatment  between  300  and  400*C,  the  initial 
polyoxadiazole  fiber  apparently  undergoes  a  structurel  change  and 
final  and  reproducible  polyoxadlasolo  fiber  properties  are: 
TAAlj/don.  ^  1.3A.1/^2/3.0. 

Chemically,  the  polyoxadlasole  stnicture  was  found  to 
degrade  severely  between  450-5^^*^. 

2.  Cone lus Iona 

preparation  of  p©ly(l,3#4-oxadiaxol©}  fiber  represents 
a  major  breakthrough  In  modem  polymer  technolosT .  Vlhila  reactions 
m  polyiHers  are  usually  not  very  efficient#  poly(l#3^4“Cffiadiasole3 ) 
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MdlOj  roBult  l)or  tbbxml  ojolodehgrdratlca  of  polytaiTdrasides. 

Tb»  roBotlon  goes  to  coapletlco  ovon  in  flbor  fom,  end  the 
resulting  poly  ( 1#  3^4«cocadiagolo )  fibers  have  Bsasurable  fiber 
properties  even  after  prolonged  exposure  to  400*C.  in  air  or 
nitrogen. 

teerlnental 

Preparation  of  OlOT  in  mmp  ana  HfgA 

A  solution  of  48.$  g.  Isophthalle  dlhydrazlde  In  32$  ml. 
N-methylpyrrolldone  containing  1$  g.  Uthlun  chloride  Is  cooled 
In  an  Ice  bath.  To  this  stirred  solution  are  added  $0.7$  g.  tew- 
phthaloyl  chlozldex  and  the  reaction  nlsod  la  stirred  overnight 
prior  to  Isolation  uhleh  affords  a  polymer  with  a  malt  teqparature 
of  370*C.  and  an  Inherent  viscosity  of  0.64. 

In  a  similar  eacporlEent  In  which  only  10  g.  lithium 
chloride  are  used  and  the  dlaold  chloride  added  In  $  e<2i!al  portions 
at  $-mlnute  Intervals,  the  Inherent  viscosity  Is  l.$0. 

Hie  most  useful  solvent  Is  hexa^athylphosphoranlde  (BTIPA). 
Polynsr  prepared  la  BIPA  at  room  temperature  Is  tsaohod  three  tlmos 
with  distilled  and  deionized  water  and  three  times  with  diy  SKJthanol. 
It  la  then  dried  at  83*0.  (vac.).  The  polymer  prepared  In  this 
manner  had  a  polymer  celt  temperature  In  emcees  of  370*0.  and 
Inherent  viscosities  of  at  least  0.90  to  1.00. 

Wnethyl  aoetasdde  (Kmc),  althou^  a  good  solvent  for 
prepared  polyhydrazlde  OIOT,  cannot  be  used  to  prepare  hl^  molecular 
weight  polymer  frea  the  Inteimedlate,  The  best  tjinh  ^*’as  0.3  to  0.4. 

Preparation  of  OIOT  in  hexamethyl  phosphoroialde  did  not 
require  the  addition  of  lithium  chloride  to  the  preparative  solution, 
as  was  necossaxy  when  using  N-csthylpyrrolldone  (KIP)  as  solvent. 

OIOT  solutions  up  to  2$^  In  concentration  tiere  found 
to  be  stable  la  KIP,  KISO,  K-I^o,  and  la  E-l'lc  containing  2  to 
LiCl  for  periods  exceeding  cao  month.  Even  aa  original  preoara- 
tlv®  solution  contatolng  Oimyte-IPA/^Cl  imis  rathor  stable,  ‘iho 
intexmt  viscosity  changed  frea  0,90  (day  of  OIOT  preparatica)  to 
0,6?  (after  four  weeics  of  being  in  E-IPA/^l  »olutl«i). 
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OIOT/hgClg  Chalate  F12a 

OIOT,  0.7?  g.  (0.0046  aoles)  In  3  ml.  I9!Ao  mB  dllutod 
to  10  nl.  To  thlB  solution  was  added  1*3  g.  (0.0048  aoles) 
nerourio  chloride  which  dissolves.  Hie  faint  yellow  oolor^  of  the 
solution,  disappears  slniltaneously.  Hirou^  an  eyedropper  were 
added  0*3  Oil*  of  trie  thy laialne  which  turned  the  solution  very 
viscous  and  gave  It  an  Intense  yellow  color.  It  t^as  diluted  with 
stirring  to  a  final  volume  of  40  ml.  A  film  was  east  froa  this 
rather  dilute  solution.  This  film  was  dried  In  a  vacuum  oven  at 
80*C.  over  a  period  of  a  weelc-end.  A  toush  film  of  the  chelate 
resulted.  When  this  film  was  dried  la  air  Instead  of  la  vacuum, 
it  turned  brown  and  discolored.  A  slollar  discoloration  was  noticed 
when  this  film  was  heated  to  250”  C. 

2.5~M.chloroterephthaloyl  Chloride 

2,5-IM.chlorotorsphthallc  acid,  160  g.,  was  refluxed  over¬ 
night  with  50  ml.  of  thlooyl  chloride.  The  yellow  suspension 
gradually  became  a  yellow  solution  after  a  feu  drops  of  DTI?  was 
added.  It  was  filtered  through  glass  wool  to  remove  blaok  solid 
particles  frcm  the  acid  chloride  solution.  Ercess  thienyl  chloride 
was  removed  by  vacuum  distillation.  The  oily  residue  was 
up  In  n-hoxane,  stirred  with  charcoal  and  filtered  hot.  Crystal¬ 
lization  produced  colorless  2,5-dichlorotorephthaloyl  chloride, 
m.p.  8l*C. 

Calcd,  for  C8H202Cl4t  C,  35.33;  H,  0.74;  Cl,  52.16; 
PoundJ  c,  35.53;  H,  0.76;  ci,  52.87;  c,  35.45;  H,  0.76;  Cl,  52.87; 

C,  35.45;  H,  0.9O;  Cl,  52.95. 

Dlbenzoylhydrazlne  (10) 

The  preparation  of  this  eo!m)ound  has  been  carried  out  In 
two  ways.  The  first  reaction  was  that  of  benzoyl  chloride  in 
DKAc  reacted  with  hydrazine  hydmte  in  Emo.  The  product  of  this 
reaction  was  ld®atlcal  with  that  of  a  preparation  which  Is 
described  in  Oi^pni.c  Synthesis.  This  preparation  Involved  reac¬ 
tion  of  hydiazln©  sulfate  (0.5  moles)  freshly  distilled 
benzoyl  chloride  (1,0  mole)  and  sodium  hydimlde.  Tho  yield  of 
the  recryatallized  product,  m.p,  233®C.,  was  60  g,  (^^). 

Calcd.  for  C14H12H2C521X  C,  70.00;  H,  5.04;  H,  11.66; 
0,  69.90;  n,  5.10;  N,  11.64;  C,  69.TO;  H,  4.95. 
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fljflM?iW**Plbingc3rlterwhtlialio  Dilgdimiidt 

Dlb«nEosrltes«phthtllo  dUqrdrulde  was  pr^p&rtd  la  SNAa 
solution  uith  added  acid  acceptor  •  In  a  230  nl.  round  bottom 
three-neeked  flask  adapted  vlth  stirrer,  condenser^  aod  dropping 
ftmnel  was  placed  73  nl.  of  imc  and  9*7  8*  (0.03  soles )  of  tore* 
phtbalic  dlbordrazlde  idilch  previously  had  been  rigorously  dried. 

^  the  stirred  2.0  ml.  of  trlethylasilne  solution  vas  added  a 
Bdxture  of  30  ml.  of  UOAo  eontainlng  21.0  g.  (0.13  moles)  of 
benzoyl  chloride.  'Baa  addition  was  cosplete  after  one -half  hour. 
Ihe  resulting  solution  i7as  stirred  and  heated  for  one  hour.  It 
mas  poured  Into  a  large  volusia  of  water.  The  resulting  product  was 
filtered  and  washed  uith  hot  mettmnol#  hot  vater,  and  acetic  acid, 
white  solid  was  dried  in  vacuum  at  100*C.  It  was  reczystalUzed 
and  the  final  pure  product  (I6.0  g.;  6U^)  had  a  sharp  melting 
point  of  360* C, 

Anal,  Caled.  for  C22H18M4O41  C,  65.66;  H,  4.51;  K,  13.93; 
Pound:  C,  65.44;  H,  4.68;  N,  13.8O;  C,  65.43;  H,  4.60;  N,  13.80. 

N*«DibenzQylisophthalic  Dlhydrazide 

Ihis  solution  was  prepared  in  a  similar  fashion  as  the 
para<i>henylene  analog  above.  The  solution  was  washed  with  water* 
end  the  precipitate  was  reczystallized  from  glacial  acetic  acid. 

The  pure  white  product  (13.6  g.;  66j5)  had  a  csltlng  point  of 
318-320*C, 

Anal.  Calcd,  for  G22H18N2JO4J  C,  65.66;  H,  4.51;  N,  13.93; 
Pound:  C,  65.7O;  H,  4.59;  N,  13.80. 

2,5»Dlphenyl«li3*4"<»a<liGZole 

Dlbenzoylhydrazlne,  7*20  g.  (0.03  moles)  was  dissolved 
and  refluxed  in  phosphorus  oisychlorld©  (80  ml.)  for  four  hours, 
fixcesa  phosphorus  oxychloride  ms  eosipletely  removed  by  distillation 
and  the  residue  was  carefully  treated  with  Tiater  (in  the  hood). 

It  was  then  washed  with  imter  end  filtered.  The  white  solid  ms 
rocrystalllJKed  frea  alcohol  to  yield  a  total  of  6.0  g.  (94^) 
of  2*5Haipheayl-lj,3,4-oxadlasol0#  m.p.  144®C,  (lit,  138®). 

Ami.  Calcd.  for  C,  75.6Ti  H,  4.54;  N,  22.61; 

Pound:  C>  74.96;  H,  4.38;  N,  12.39;  C,  74.92;  H,  4.38. 


The 
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1, 2«phemrX-5-  (1,3. 4-03eadiago33rl )  Ibengene 

Dibenzojlterephthallo  dihsrdrazlde,  8.04  g.  (0.02  bo16b) 
was  xwfluxed  In  suspsiulon  with  18  nl.  of  phosphorus  oxyehlorldo 
for  12  hours.  Ohers  vns  a  notioeahls  change  in  appearance  and 
ciystal  structure  of  the  suspended  solid  In  going  from  material  to 
the  product.  Neither  material  was  soluble  in  phosphorous  0x7- 
chlorlde.  Excess  phosphorous  oocTchloride  was  distilled  off  under 
vacuum.  Water  was  dropwise  (and  carefully)  added  to  the  residue. 

It  was  filtered  and  recrystallized  from  diEsthylfonnanlde  (50  ml./ 

1  g. )  to  give  white  shiny  plates  of  the  oligo-oxadlasole,  m.p. 
310"C.  (lit,  308*0.)  (4,6). 

Anal.  Calcd.  for  C22Hii|N402*  C,  72.12;  H,  3.85; 

Pound:  C,  71. 6O;  H,  4.01. 

l,3"Di-[2-phenyl-5"(l,3,4-oxadiazolyl)]benzene 

This  cotqpound  was  prepared  from  the  corresponding 
dihydrazide  as  described  above  for  the  pars'^henylene  analog.  It 
was  refluxed  for  24  hours.  Ihe  only  difference  noted  was  that 
starting  material  and  product  were  soluble.  The  final  solution  was 
filtered  (glass  wool)  to  remove  small  amounts  of  foreign  particles. 
A  large  amount  of  the  product  cxystalllzed  out  (Fraction  I)  over 
the  weelcHsnd.  It  was  filtered  and  the  mother  lifjuor  was  evaporated 
to  dryness  (Fraction  II).  After  cocplete  removal  of  the  excess 
phosphorous  oxychloride  the  residue  of  the  mother  liquor  from  the 
distillation  was  treated  carefully  with  water  and  the  additional 
precipitate  ms  filtered.  Both  fractions,  the  original  precipitate 
and  the  additional  axacunt  of  oxadlazole  recovered  from  the  mother 
liquor,  were  separately  recrystallized  from  dlmethylfomamlde 
(20  ml./l  g.).  Ihe  malting  point  of  the  products  was  250®C. 

This  product  Is  not  described  In  the  literature. 

Anal.  Calcd,  for  C22Hi4N402i  C,  72,12;  H,  3.85; 

0,  8.74;  Found:  C,  71^70;  H,  3*90;  0,  9»<». 

This  ocE^ound  was  prepared  altamata  mtliods,  rmmely, 
those  described  by  Bulegaa  (12,13),  discovered  that,  th©  reac¬ 
tion  of  tetmzolea  with  acid  chlorides  gives  high  yields  of 
l,3,4“Oxadlasolefl.  His  method  was  adapted  to  the  following  maimers 
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6,kO  g.  of  m;^henylene  dltetrozole  In  150  lA.  of  dzy  pyrldlno  ms 
treated  with  17.O  ml.  of  benzoyl  chloride  and  refluxed  for  1-1/S  hre. 
To  Insure  eoiqpletlon  of  reaction,  the  reflux  was  cut  back  to  8b*C., 
a  temperature  which  was  maintained  for  the  reaction  overnight. 

It  was  cooled  and  a  few  drops  of  water  were  added  to  destroy  excess 
acid  chloride.  It  was  then  poured  Into  300  ml.  of  water.  Ihe 
precipitate  was  filtered  and  washed  with  water.  An  amount  of  14.0  g. 
of  dzy,  crude  material  was  obtained.  It  was  reezystalUzed  from 
dlmethylfozvnnlde  (charcoal)  and  filtered.  Ibe  filtrate  was  placed 
In  the  refrigerator.  The  first  crop  was  washed  with  10  ml.  of  mSF 
and  then  with  100  ml.  of  water.  The  white  needles  (6.6  g. )  were 
dried,  m.p.  250®C.  Only  a  very  small  amount  of  additional  crop 
(1.5  g.)  could  be  obtained  from  the  filtrate,  m.p.  250*C.  The  total 
yield  was  83. of  the  theory. 

Anal.  Calod.  for  C22H1I1N4O2:  0,  72.12;  H,  3*83; 

Pound:  C,'7lTSb;  H,  4.10. 

p^-Cyanobenzoyl  Chloride 

A  sample  of  50  g.  of  g,-oyanobenzolo  acid  (Qenessee 
jResearch  Corporation)  ms  treated  with  250  ml.  of  thlonyl  chloride 
\inder  mild  ref  line  (60*C.).  Two  drops  of  DNF  were  added  which 
noticeably  reduced  the  reaction  time.  Ccoplete  solution  (with 
brown  color)  occurred  after  two  hours.  Ezeess  thlonyl  chloride  was 
distilled  off.  Initially  under  ai^irator  vacuum,  later  under  high 
vacuum.  A  brown  residue  remained.  This  residue  was  taken  up  in 
50  ml.  of  dry  benzene,  filtered  fr\)m  a  small  amount  of  brown 
material  which  was  possibly  the  anhydride.  The  solution  ms  treated 
with  charcoal,  filtered  and  precipitated  with  250  ml,  of  hexane. 

Three  fractlans  were  obtained.  Fraction  I  consisted  of  21  g.  of 
slightly  yellow  leaflets.  Fraction  II  was  obtained  on  cooling  to 
0*C.  and  consisted  of  I8  g.  of  subtly  yellow  leaflets.  Fraction  III 
was  obtained  on  cooling  to  -40®C.,  and  consisted  of  10  g.  of  a 
yellow  to  orange  colored  powder  which  amlts  further  purification. 

The  melting  points  of  Fractions  I  and  II  are  In  agreement  with  the 
literature  (13,18),  m.p.  65-67*. 

Anal,  Calcd.  for  C0H4OTOij  Found s 
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3-Dl-l2*(p»eyancphenyl  3.4-KMcadlagolyl )  ]bentene 

A  olxturo  of  21*4  g*  (0*1  isole)  of  a-phenylono  dltotrazolo 
and  33.1  g.  of  £j-c7Bnol>enzo7l  clUorldd  (0.2  moles)  vas  placed  in 
150  ml.  of  dry  pyridine.  The  reaction  vessel  was  gently  heated. 

After  the  bulk  of  the  reaction  had  occurred*  the  reacticn  was 
refluxed  for  two  hours.  The  reaction  was  then  poured  into  two  liten 
of  distilled  water  with  good  stirring,  and  was  filtered  and  washed 
three  times  with  water.  It  was  dried  overnight  in  a  vacuum  oven  at 
8o”C.  The  crude  yield  30.0  g.  of  brown  solid.  It  was  reciystallized 
from  large  amounts  of  dlnethylfoimaolde  (30  g./lgOO  ml./l30*C.) 
using  chawoal  to  give  a  white  powdery  product,  m.p*  345“347*C. 

The  final  yield  of  pure  product  was  25*5  (605S).  A  second  crop 

has  not  been  purified. 

ra-Phenylenedltetrazole 

This  material  was  generously  supplied  by  Dr.  A.  H.  Fraser 
in  pure  fom.  It  was  not  further  purified  prior  to  Its  use  in 
preparations  described  in  this  report. 

Anal.  CaXcd.  for  C8H5N8:  C,  W.85;  H,  2.82;  N,  52.32; 

Poundi  C,  45.2O;  H,  2.92;  N,  52.00. 

l,3“Dl-[2-(^-[tetrazQyl-(5)]“Phenyl)-l,3>4- 

oxadlazoIyl“(5)l -benzene  (0~l4) 

A  mixture  of  24.09  g.  (0.0575)  of  l,3.dl-(2-(£;<yanophenyl)- 
l,3,4-oxadlazolyl-(5)] -benzene  (which  had  previously  been  prepared 
from  m;-phenylenedltetrazole  and  g^-cyanobenzoyl  chloride)  and 
13.0  g.  (0.20)  sodium  azide,  8.48  g.  (0.20)  lithium  chloride  and 
600  ml.  dlmethylformamid®  \!^s  gently  lieated  to  reflux.  The  reflux 
was  maintained  for  1  week.  After  the  first  day  a  slightly  plnlc 
solution  resulted  with  a  white  precipitate  which  Increased  in  amount 
as  the  reaction  proceeded.  The  mixture  ms  poured  onto  2  liters 
of  distilled  water.  It  was  acidified  with  a  stall  volume  of  1/2  c«m®. 
hydrochloric  acid  and  filtered.  Water  and  WS?  are  difficult  to 
remove  (vexy  slow  flltmtion).  The  solid  raa  twice  boiled  with 
water  after  filtration  and  then  dried  at  150/25  ml.  It  os  2S 
TOCiyotallized  from  ditottylacetaaide  (DMAc)  to  remove  a  temoiouely 
adhopliig  brown  lE^urlty.  Tb®  product,  ready  for  further  reaction, 
amlyzed  correctly  and  had  a  m.p.  »  2W‘^C. 

Anal,  ailed,  for  G2/j|ix4Kx202( 502.5):  0,  5736;  H,  2.80. 

Pounds  C,  56.62;  H,  3-25. 
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phenBrl)-l«3<4^oxadlagoiyl-(5)] -benzene  (0-7) 

Above  prepared  ditetrazole«  21.0  g.  (0.04)  waa  suspended 
In  230  ml.  boiling  pgrrldlne  and  reacted  with  I3.0  ail.  (0.12)  benzojl 
chloride  for  a  period  of  8  hours.  OSie  idiite  crystalline  product 
was  extracted  with  pyridine  and  OMF. 

fi4tenbered  Oligo-cxadiazole  (0-6) 

Ihe  preparation  of  this  ocopound  proceeded  in  analc^ 
to  the  lower  meabered  ollgo-oxad^zoleB .  4.02  g,  (0.004  moles) 
of  the  ditetrazole,  0-14»  were  reacted  with  4.28  g.  of  ^-oyaxio- 
benzoyl  chloride  (0.023  laoles)  in  pyridine  for  24  hrs.  Praelpita- 
tlon  with  water  and  recry stalllzation  frca  EMP  yielded  3.00  g. 
pure  of  dlcyano  derivative,  0-15,  n.p.  >  320®  (degr. ).  Reaction 
with  LiN3  In  analogy  to  previously  described  methods  and  subsequent 
treatment  with  benzcyl  chloride  gave  0-8,  which  was  extracted  with 
pyridine  and  IMP  since  no  recrystallizing  solvents  were  found. 

M.p.  >  400®C.j  UV  spectrum  virtually  superlEposable  with  that  of  0-7* 

Dimethyl  Itainosucclnate 

A  solution  of  100  g.  (1.23  moles)  of  sueolnonitrile 
In  80.1  g.  (2.3  moles)  of  dry  ciiethanol  and  100  ml.  of  dry  dioxane 
was  saturated  with  dry  HCl  gas.  Ihe  White  solid  precipitated 
while  the  solution  cooled  In  an  ice  ^’ater  bath  icannad  up  gradually. 
The  addition  of  HCl  gas  was  discontinued  and  the  solution  was 
stirred  for  1  hr.  The  solid,  being  the  dlhydrochlorlde  of  dimethyl 
imlnosuccSnate,  was  filtered,  washed  twice  with  dry  ethyl  ether, 
and  stored  In  a  desiccator. 

Diethyl  Iminosueclnate 

Forty  grams  succlnonltrlle  were  dissolved  in  240  ml. 
of  dry  ether  and  46,0  g.  of  absolute  ethanol  In  a  500  ml.  Brlcraaeyer 
flask  adapted  with  calcium  chloride  tuabe,  theraoEeter,  magnetic 
stirrer,  and  ice  water  bath.  Dry  hydrogen  chloride  was  added  to 
the  stirred  solution.  After  about  ona-half  hour  of  HCl  addition, 
two  layers  appeared,  the  dlhydrochlorlde  of  diethyl  Imlnosuccinat® 
crystallized  from  th©  lower  layer  with  noticeable  increase  In 
ter^rature.  The  solid  which  resulted  was  washed  twice  with  ether 
to  maoTO  ejccees  HCl  and  dried  in  a  desiccator. 
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Anal.  Calcdi  for  CsHftO^aCl*  39.19;  H,  7.40; 
d#  28.94;  Foimd:  C#  38.^3*  ^*27;  7*35#  7*41;  Cl,  26.9#  27.1. 

Turt  nfti  flophthalate 

12.8  g.  of  IspphthalonltPlle  (0,1  ®ole),  m.p.  158-16O, 

HM  placed  in  135  m.  of  ethyl  acetate  and  20  ml.  of  benzene  in 
an  Erlenmeyer  flask.  Bie  mixture  was  stirred  and  9*2  g.  of  absolute 
alcohol  (0.2  moles)  was  added.  With  contlimed  stirring  In  an  loe 
water  bath,  the  solution  vai  saturated  with  dry  HCl  gasi  stoppered 
and  allowed  to  stand  for  24  hrs.  Ihe  solution  was  turbid  after  cos 
hour  and  oiystals  appeared  after  15  hrs.  The  solid  was  filtered, 
mshed  with  ether  and  dried  In  a  desiccator. 

Anal.  Calcd.  for  C12H18N2O2CI2:  C,  49.15;  H#  6.14; 

Cl,  24.  Pound*  C,  46.70;  H,  6.20;  Cl,  25.4. 

72  g.  of  dry  diethyl  Imlnolsophthalate  were  placed 
portion-wise  into  a  double -layered  solution  of  saturated  potassium 
carbonate  and  ether  with  rapid  stirring.  The  ether  layer  was 
several  times  decanted  and  replaced.  The  final  ether  layer  (350  ml./ 
containing  free  diethyl  imlnolsophthalata  ms  dried  over  anhydrous 
sodium  sulfate  ovomlght.  The  ether  ms  then  evaporated  on  a 
Rlnco  Rotovac  with  gentle  wanning.  The  solid  ms  recovered  without 
exposure  to  air  and  raolsture  and  stored  In  a  desiccator.  The 
total  dry  weight  of  the  pure  product  ms  9.4  g. 

metlyrl  Orthosucoinate 

Diethyl  Irainosucolnate  dlhydroehlorlde,  95  S*,  were 
dissolved  in  600  ml.  of  absolute  alcdhol  In  a  3"neol®d  flask 
adapted  with  nitrogen  inlet  calcium  chloride  tube  and  stls’rer. 
fhe  solution  ms  stirred  for  3  days  at  room  tesporature.  It  ms 
then  made  alkaline  with  a  10^  solutlcoi  of  sodium  ethoxide 
(phenolphthaiein).  Excess  ethanol  ras  distilled  off  Mid  200  ml. 
of  ether  wer©  added.  Solid  which  had  precipitated  was  filter'd 
and  washed  with  ©thar,  The  ether  ms  evaporatesd  in  a  Eineo  Rotome, 
fh®  solid  which  again  precipitated  ms  washed  once  mow  with  a 
small  amount  of  ether  aM  the  diethyl  orthosuecina.t«  in  ether 
was  distilled.  Three  fmeti«iB  mm  ohtalnMs  (1)  Hoorn  tespemtosr® 
(0.8  si.)  consisting  of  ether  and  alcohol;  {2}  boiling  point 
^-78*0.  (O.Bks.  )i  and  (3)  78“C.  (1,0  Ea,), 
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Cholatlng  of  OIOT  Yams 

OICT  yam  was  passed  throuc^  a  IMP  bath  oontainlng  **  lOjt 
salt  natal  in  750  nl.  IMP  at  100*  ±  5*0*#  with  a  12”  eootact  In 
bath.  The  windup  spaed  was  unlfox^ly  15  PPM.  Sanples  of  jaxn 
thus  obtained  were  dried  in  a  too  oven  at  85*0. 

Oeeaslooally  It  was  desired  to  chelate  the  yam  In  nore 
basic  solutions  to  study  the  difference  In  chelation  with  the 
basicity  of  the  bath.  In  these  cases  a  snail,  eincunt  of  N«N'- 
dlmsthylanlllne  was  added. 

The  addition  of  dlnetfaylanlllne  to  the  IMP  bath  of  1^03 
proved  disadvantageous  because  of  Ag*  plating  with  slxoultaneous 
and  vigorous  reaction.  In  case  where  the  effect  of  NfN'-dicethyl- 
anlllne  in  connection  with  AgN03  chelating  was  studied,  the  following 
arrangement  proved  useful. 

The  yam  was  passed  through  a  I^lP/AgNC^  bath  at  100*0. 

Hh  5*0,  and  then  through  a  subsequent  IiI'IP-N,N^-dljaethylanlllno 
bath,  m  these  cases  Ag*  was  directly  plated  on  the  fiber  [color 
of  the  yam  grey,  silvery  or  black]  while  emission  of  the  second 
bath  yielded  AgtI03-K$halate  fiber  with  straw  color  and  different 
x*ray  dlffraoticn. 
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Dlnetbylacetaolde  and  dlnethylsulfoxlde  have  been 
I  successfully  en^ployed  as  dry-winning  solvents  for 
I  poly-2, 2  *  -  ( n-phenylene  )-5, 5  *  -blbenzlaldazole .  The 
I  physical  properties  of  both  fibers  appeeir  to  be 
I  cowax'sble.  The  fibers  esdilblt  reoiarkably 
resistance  to  hydrolysis  and  thextoal  ageing  al¬ 
though  under  the  more  realistic  condition  of  air 
ageing  the  thermal  properties  are  not  nearly  as 
Impressive  as  under  nitrogen.  The  N-H  bond  In 
polybenzimidazoles  Is  suwoct  as  the  veah 
leading  to  degradation  In  the  hot  oven.  To  test 
j  this  hypothesis  N- substituted  polymers  vere 


I  prepared  via  the  methylatlcm  of  N-sodlo  polybenz- 
I  Imidazoles.  Oriented  and  crystalline  pol^xydrazlde 
I  fibers  can  be  converted  by  a  unique  cyclodehydra- 
{  tlon  reaction  into  oriented  and  cryatalllne  fibers 
of  poly(l,3,4-oxacllazolea).  Conversion  of  fibers 
(T/e/MI  ■  5/2V9^)  polyhydrazide  derived 

from  equimolar  amounts  of  laophthallc  dlhydrazlde 
and  terephthaloyl  chloride  (OIOT)  gave  fibers 
(T/E/M1  k  2,6/3.1/124)  of  poly^,3-/l,4-phenylene- 

2.5- (l;  3;4-03GadiBzels),  POEE-I/T,  vhich  have 
excellent  retention  of  their  fiber  structure  even 
when  exposed  to  ten^eratures  up  to  400*C.  for  pro¬ 
longed  periods  of  time.  Such  beat  treatments 
afford  a  final  polyoxadlazole  fiber  (T/e/MI  ^  1.2/ 
1*2/90). The  c±€aaical  structure  of  model  conpounda 
containing  up  to  13  alternating  rings  consisting  of 

2.5- {l, 3^4-oxadla2ole),  and  p-phenylene 

moieties  was  found  to  be  stable  up  to  4h0‘’-500*C. 
This  is  in  agreement  with  observed  stabilities  of 
the  corresponding  polymer  towards  thermal  degrada¬ 
tion. 
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